22900368056 


Digitized  by  the  Internet  Archive 
in  2015 


https  ://arch  i  ve .  org/detai  Is/b21 498568 


CHEMISTRY: 

General.  Medical,  and  Pharmaceutical, 

INCLUDING 

THE  CHEMISTRY  OF  THE  U.  S.  PHARMACOPEIA. 

A  MANUAL 

ox  THE  GENERAL  PRINCIPLES  OP  THE  SCIENCE,  AND  THEIR 
APPLICATIONS  IN  MEDICINE  AND  PHARMACY. 

BY 

JOHN  ATTFIELD,  F.R.S., 

M.A.  AND  PII.D.  OF   THE   UNIVERSITY   OP   TUBINGEN";   F.I.C.  ;    F.C.S.  J    PROFESSOR   OF  PRACTICAL 
CIIKMISTRY  TO  THE  PIIARMACEDTICAL  SOCIETY  OF  GREAT  BRITAIN  ;  FORJIERLY  DEMONSTRATOR 
OF  CHEMISTRY  AT  ST.  BARTHOLOMEW'S  HOSPITAL,  LONDON  ;  HONORARY  MEMBER  OF  PHAR- 
MACEUTICAL SOCIETIES  OF  GREAT  BRITAIN,  PARIS,   ST.   PETERSBURG,  AUSTRIA,  EAST 
FLANDERS,  AND  VICTORIA  (AUSTRALIA);  HONORARY  MEMBER  OF  THE  AMERICAN 
PHARMACEUTICAL  ASSOCIATION;    HONORARY  MEMBER  OF  THE    COLLEGES  OF 
PHARMACY  OF  PHILADELPHIA.  NEW  YORK,  MASSACHUSETTS,  CHICAGO, 
AND  ONTARrO,  AND  OF  THE  PHARMACEUTICAL    ASSOCIATIONS  OP 
NEW    HAMPSHIRE   AND    VIRGINIA;    PRESIDENT   OF  THE 
BRITISH    PHARMACEUTICAL  CONFERENCE. 

TEjYTH  EDITIOjY, 
specially  revised  by  the  author  for  america. 


PHILADELPHIA: 
HENRY  C.  LEA'S  SON 
1883. 


&  CO. 


92.1  o  u 


"But  the  greatest  error  of  all  is,  mistaking  the  ultimate  end  of  knowledge;  for 
some  men  covet  knowledge  out  of  a  natural  curiosity  and  inquisitive  temper ;  some 
to  entertain  the  mind  with  variety  and  delight ;  some  for  ornament  and  reputation; 
some  for  victory  and  contention;  many  for  lucre  and  a  livelihood  ;  and  but  few  for 
eni|iloying  the  divine  gift  of  reason  to  the  use  and  benefit  of  mankind.  Thus  some 
appear  to  seek  in  knowledge  a  couch  for  a  searching  spirit  ;  others,  a  walk  for  a 
wandering  mind  ;  others,  a  tower  of  state;  otliers,  a  fort  or  commanding  ground; 
and  others,  a  sliop  for  profit  or  sale;  instead  of  a  storeliouse  for  the  glory  of  the 
Creator  and  the  endowment  of  human  life."— Lord  Bacon. 
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PREFACE. 


The  short  title  on  the  back  of  a  book,  and  even  the  words 
on  the  title-page,  are  generally,  and  even  necessarily,  imperfect 
descriptions  of  the  contents,  and  hence  not  unfrequently  induce 
at  the  outset  misconceptions  in  the  minds  of  readers.  The 
author  of  Chemistry:  General,  Medical,  and  Pharmaceutical, 
would  at  once  state,  therefore,  that  his  chief  aim  is  to  teach 
the  general  truths  of  Chemistry  to  medical  and  pharmaceutical 
pupils.  So  far  as  laws  and  principles  are  concerned,  the  book 
is  a  work  on  General  Chemistry ;  but,  inasmuch  as  those  laws 
and  principles  are  elucidated  and  illustrated  by  that  large  por- 
tion of  Chemistry  which  is  directly  interesting  to  medical  prac- 
titioners and  pharmacists,  the  book  may  be  said  to  be  a  work  on 
Medical  Chemistry  and  Pharmaceutical  Chemistry.  Only  in 
this  conventional  sense  would  the  author  speak  of  Medical  and 
Pharmaceutical  Chemistry,  for  the  truths  of  Chemistry  are 
the  same  for  all  students — crystalline  verities  which  cannot  be 
expanded  or  compressed  to  suit  any  class  of  workers.  The 
leading  principles  of  the  science,  however,  can  as  easily  be 
illustrated  by  or  deduced  from  those  facts  which  have  interest 
as  from  those  which  have  little  or  no  special  interest  to  the 
followers  of  medicine  and  pharmacy.  The  grand  and  simple 
leading  truths  of  Chemistry,  the  lesser  truths  or  principles,  and 
nearly  all  the  interesting  relationships  of  elements  and  com- 
pounds— in  a  word,  the  science  of  Chemistry — can  be  taught  to 
medical  and  pharmaceutical  students  with  little  other  aid  than 
that  afforded  by  the  materials  which  lie  in  rich  abundance  all 
around  these  workers.  Such  a  mode  of  teaching  "  the  general 
principles  of  the  science,  and  their  applications  in  medicine  and 
pharmacy,"  is  adopted  in  this  volume.    It  is  a  mode  which 
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greatly  increases  the  usefulness  of  the  science  to  the  class 
chiefly  addressed,  while  it  in  no  way  diminishes  the  value  of 
Chemistry  as  an  instrument  of  mental  culture — an  instrument 
which  sharpens  and  expands  the  powers  of  observation,  which 
enlarges  and  strengthens  memory  and  imagination,  which  gives 
point  to  the  perceptive  faculties,  and  which  develops  and  elab- 
orates the  powers  of  thought  and  of  reason. 

This  manual  is  intended,  then,  as  a  systematic  exponent  of 
the  general  truths  of  Chemistry,  but  is  written  mainly  for  the 
pupils,  assistants,  and  principals  engaged  in  medicine  and 
pharmacy.  It  will  be  found  equally  useful  as  a  reading-book 
for  gentlemen  having  no  opportunities  of  attending  lectures  or 
performing  experiments,  or,  on  the  other  hand,  as  a  text-book 
for  college  pupils ;  while  its  comprehensive  Index,  containing 
eight  thousand  references,  will  fit  the  work  for  after-consulta- 
tion in  the  course  of  business  or  professional  practice. 

From  other  chemical  text-books  it  differs  in  three  particu- 
lars :  first,  in  the  exclusion  of  matter  relating  to  compounds 
which  at  present  are  only  of  interest  to  the  scientific  chemist ; 
secondly,  in  containing  more  or  less  of  the  chemistry  of  every 
substance  recognized  officially  or  in  general  practice  as  a  re- 
medial agent ;  thirdly,  in  the  paragraphs  being  so  cast  that 
the  volume  may  be  used  as  a  guide  in  studying  the  science 
experimentally. 

The  order  of  subjects  is  that  which,  in  the  author's  opinion, 
best  meets  the  requirements  of  medical  and  pharmaceutical 
students  in  Great  Britain,  Ireland,  America,  and  the  English 
colonies.  Introductory  pages  are  devoted  to  a  few  leading 
properties  of  the  elements.  A  review  of  the  facts  thus  unfolded 
affords  opportunity  for  stating  the  viewSiOf  philosophers  respect- 
ing the  manner  in  which  these  elements  influence  each  other  as 
components  of  terrestrial  matter.  The  consideration  in  detail 
of  the  relations  of  the  elementary  and  compound  radicals  fol- 
lows, synthetical  and  analytical  bearings  being  pointed  out,  and 
attention  frequently  directed  to  connecting  or  underlying  truths 
or  general  principles.  The  chemistry  of  substances  naturally 
associated  in  vegetables  and  animals  is  next  considered.  Prac- 
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tical  toxicology,  and  the  chemical  as  well  as  microscopical  cha- 
racters of  morbid  urine,  urinary  sediments,  and  calculi,  are  then 
given.  The  concluding  sections  form  a  laboratory-guide  to 
the  chemical  and  physical  study  of  quantitative  analysis.  In 
the  Appendix  is  a  long  table  of  tests  for  impurities  in  medi- 
cinal preparations ;  also  a  short  one  of  the  saturating  powers 
of  acids  and  alkalies,  designed  for  use  in  prescribing  and  dis- 
pensing. 

In  the  course  of  the  treatment  outlined  in  the  preceding 
paragraph  it  will  be  observed  that  the  whole  of  the  elements 
are  first  noticed  very  shortly,  to  give  the  pupil  a  general  view 
of  his  course  of  study,  and  afterward  at  length  and  thoroughly ; 
that  the  chemistry  of  the  common  metallic  radicals  precedes 
that  of  the  rarer,  and  that  the  sections  on  the  acidulous  radicals 
are  similarly  divided  ;  while  the  basylous  radicals  are  arranged 
according  to  analytical  relations,  the  common  acidulous  accord- 
ing to  exchangeable  value  or  quantivalence,  and  rarer  acidulous 
radicals  alphabetically.  By  this  plan  the  more  impoi'tant  facts 
and  principles  are  repeatedly  brought  under  consideration,  the 
points  of  view,  however,  differing  according  as  interest  is  con- 
centrated on  physical,  synthetical,  analytical,  or  quantitative 
properties.  This  arrangement  of  matter  was  adopted,  also, 
partly  from  the  belief  that  the  separate  and  general  truths  of 
Chemistry  never  enter  the  mind  in  the  order  of  any  scientific 
classification  at  present  possible.  In  the  current  state  of  chem- 
ical knowledge  consistency  in  the  methodical  arrangement  even 
of  elements  can  only  be  carried  out  in  one  direction,  and  is 
necessarily  accompanied  by  inconsistencies  in  other  directions — 
a  result  most  perplexing  to  learners,  and  hence  totally  subver- 
sive of  the  chief  advantage  of  classification.  For  this  reason 
the  writer  has  preferred  to  lead  up  to,  rather  than  follow,  scien- 
tific classification — has  allowed  analogies  and  afiinitics  to  sug- 
I  gest,  rather  than  be  suggested  by,  classification.  Among  the 
acidulous  radicals,  especially,  any  known  system  of  classifica- 
tion would  have  given  undue  prominence  to  one  set  of  relations 
and  undeserved  obscurity  to  others.  Then,  by  separating  more 
important  from  less  important  matter,  instruction  is  adajited  to 
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the  wants  of  gentlemen  whose  opportunities  of  studying  Chem- 
istry vary  greatly,  and  are  unavoidably  insujficient  to  enable 
them  to  gain  a  knowledge  of  the  detail  of  the  science,  One 
great  advantage  of  the  mode  of  treatment  is  that  difficulties  of 
nomenclature,  notation,  chemical  constitution,  and  even  those 
arising  from  conventionality  of  language,  are  explained  as  they 
arise,  instead  of  being  massed  under  the  head  of  "  Introductory 
Chapters,"  "  Preliminary  Considerations,"  or  "  General  Re- 
marks," which  are  not  unfrequently  too  difficult  to  be  under- 
stood by  a  beginner,  too  voluminous  to  be  remembered  except 
by  the  aid  of  subsequent  lessons,  and  are  consequently  the 
cause  of  much  trouble  and  confusion.  This  plan  has  also 
admitted  of  greater  prominence  being'  given  to  "  The  General 
Principles  of  Chemical  Philosophy,"  the  only  section  to  which 
the  student  is  asked  frequently  to  return  until  he  finds  himself 
naturally  employing  those  principles  in  the  interpretation  of 
the  phenomena  obtained  by  expei'iment. 

An  elementary  knowledge  of  the  subjects  of  Gravitation, 
Heat,  Light,  Sound,  Electricity,  and  Magnetism  cannot  be  too 
strongly  recommended  to  the  student  of  Chemistry.  The  first 
portion  of  this  manual  would  have  been  devoted  to  an  exposi- 
tion of  these  branches  of  physics,  so  far  as  they  bear  on  Chem- 
istry, did  not  the  many  special  books  on  physics  render  such 
a  course  unnecessary.  Quantitative  chemical  analysis  fre- 
quently involving  determinations  of  temperature,  specific 
gravity,  and  atmospheric  pressure,  a  few  paragraphs  on  these 
subjects  ai'e  made  introductory  to  the  sections  on  quantita- 
tive operations. 

The  theories  that  matter  consists  of  molecules  and  that  mole- 
cules consist  of  atoms  are  freely  adopted  in  this  book,  the 
author  believing  that  in  the  present  state  of  knowledge  and 
education  philosophic  conceptions  regarding  Chemistry  can 
only  be  taught  to  medical,  pharmaceutical,  and  the  great 
majority  of  general  students  by  some  objective  aid. 

The  chemical  notation  of  the  work  is  in  accordance  with 
modern  theories.  Equations  illustrative  of  pharmacopoeial 
processes  have  a  name  attached  to  each  formula. 
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Chemical  nomenclature  has  been  modernized  to  the  extent 
of  defining  the  alkali-metal  salts  and  the  earthy  compounds 
as  those  of  potassium,  sodium,  ammonium,  barium,  calcium, 
magnesium,  and  aluminium,  instead  of  potash,  soda,  ammonia, 
baryta,  lime,  magnesia,  and  alumina.  The  author  confidently 
believes  that  this  change,  founded  on  views  now  adopted  by 
all  prominent  writers  on  Chemistry,  and  used  in  the  Pharmaco- 
poeia of  the  United  States,  will  be  accepted  and  become  popular 
in  medicine  and  pharmacy.  It  is  a  step  in  the  direction  of  sim- 
plicity and  consistency,  and  involves  far  less  hypothesis  than  is 
contained  in  the  old  system.  The  name  "  nitrate  of  potash,"  for 
example,  was  based  on  the  pure  assumption  that  nitre  contained 
oxide  of  potassium  or  potash  and  nitric  anhydride,  then  errone- 
ously termed  nitric  acid.  By  the  modern  name,  "  nitrate  of 
potassium,"  all  that  is  intended  to  be  conveyed  is  that  nitre 
contains  the  element  common  to  all  potassium  compounds  and 
the  group  of  elements  common  to  all  nitrates.  Under  the  old 
method  students  always  experienced  difficulty  in  distinguishing 
salts  of  the  metal  from  salts  of  its  oxide — salts  of  potassium,  for 
instance,  from  salts  of  potash ;  under  the  new  view  no  such 
difficulty  arises.  Names  such  as  potassium  nitrate  or  potassic 
nitrate  are  also  consistent  with  modern  views,  but  for  general 
adoption  are  too  unlike  the  original.  The  contractions  in  Latin 
for  names  like  "  nitrate  of  potassium "  are  identical  with  the 
contractions  for  names  resembling  "  nitrate  of  potash ;"  an 
accidental  circumstance  that  will  much  facilitate  the  general 
introduction  of  the  former  among  medical  practitioners  and 
pharmacists,  and  a  practical  advantage  that  must  determine 
the  choice  over  the  other  chemically  equivalent  names  just 
mentioned.  The  author  ventures  to  express  some  gratification 
that  his  use  and  advocacy  of  this  system  since  the  first  edition 
of  this  manual  was  published  in  18G7  has  resulted  in  its  adop- 
tion, in  1873,  in  the  "Pharmacopoeia  of  the  United  States," 
and  in  the  recommendation,  from  all  medical,  chemical,  and 
pharmaceutical  authorities  in  Great  Britain,  of  its  adoption  in 
the  next  "  Briti.sh  Pharmacopoeia."  Pharmacy  in  these  two 
countries  will  thus  sooner  or  later,  in  the  important  matter  of 
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chemical  nomenclature,  be  in  accord  with  the  current  state  of 
chemical  science. 

The  Metric  System  of  AVeights  and  Measures  (that  which, 
doubtless,  is  destined  to  supersede  all  others)  is  alone  used 
in  the  sections  on  Quantitative  Analysis.  In  other  parts  of 
the  manual  avoirdupois  weights  and  imperial  measures  are 
employed. 

It  is  hoped  that  the  numerous  etymological  references  scat- 
tered throughout  the  following  pages  will  be  found  useful. 
Words  in  Greek  have  been  rendered  in  English  characters, 
letter  for  letter.  The  word  "official"  is  used  throughout  for 
things  recognized  officially  by  the  compilers  of  Pharmacopoeias  ; 
"  officinal"  in  its  original  application  to  the  officina  or  shop. 

Students  are  strongly  recommended  to  test  their  progress  by 
frequent  examination.  To  this  end  appropriate  questions  are 
appended  to  each  subject. 

The  author's  ideal  of  a  manual  of  Chemistry  for  medical 
and  pharmaceutical  students  is  one  in  which  not  only  the 
science  of  Chemistry  is  taught,  but  in  which  the  chemistry  of 
every  substance  having  interest  for  the  followers  of  medicine 
and  pharmacy  is  noticed  at  more  or  less  length  in  proportion  to 
its  importance,  and  at  least  its  position  in  relation  to  the  leading 
princijDles  of  Chemistry  set  forth  Avith  all  attainable  exactness. 
The  extent  to  which  he  has  realized  this  ideal  he  leaves  to 
others  to  decide.  Such  a  work  will  doubtless  in  certain  parts 
partake  of  the  character  of  a  dictionary ;  but  this  is  by  no 
means  a  fault,  especially  if  a  good  index  be  appended ;  for  the 
points  of  contact  between  pure  and  applied  chemistry  are  thus 
multiplied,  and  abundant  outlets  supplied  by  which  a  lover  of 
the  science  may  pass  into  other  chemical  domains  by  aid  of 
other  guides,  or  even  into  the  regions  of  original  research. 
Among  the  rarer  alkaloids,  bitter  bodies,  glucosides,  salts  of 
organic  radicals,  solid  fats,  fixed  oils,  volatile  oils,  resins,  oleo- 
resins,  gum-resins,  balsams,  and  coloring-matters,  mentioned 
in  this  volume,  will  be  found  many  such  points  whence  the 
ardent  student  may  start  for  the  obscure  or  untrodden  paths 
of  scientific  chemistry. 
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Within  sixteen  years  a  demand  has  arisen  for  ten  large 
editions  of  this  manual.  The  First,  in  1867,  was  intended  as 
a  handbook  of  practical  chemistry  only ;  but  the  notes  and  re- 
marks made  respecting  most  of  the  experiments  were  found 
to  be  so  useful  by  students  that  this  portion  of  the  volume  was 
in  the  Second  Edition  (1869)  sufficiently  extended  to  render  the 
book  more  fairly  complete  in  itself.  In  response  to  a  call  from 
profes-sional  friends  in  the  United  States  in  18*70,  the  work  was 
revised  by  the  author  for  the  followers  of  medicine  and  phar- 
macy in  America,  the  chemistry  of  the  Preparations  and 
Materia  Medica  of  the  United  States  Pharmacopoeia  being 
introduced,  and  such  other  adaptations  included  as  to  form  a 
Third  Edition.  A  Fourth  was  presented  to  English  workers 
in  the  autumn  of  1872,  and,  founded  on  the  Fourth,  a  Fifth 
Edition  for  American  students  in  1873.  A  very  large  Sixth 
Edition  was  published  in  England  in  1875,  a  Seventh  in 
America  in  1876,  an  Eighth  in  1879,  and  a  Ninth  in  England 
in  1881. 

The  present  (Tenth)  edition  contains  such  alterations  and 
additions  as  seemed  necessary  for  the  demonstration  of  the 
latest  developments  of  chemical  principles  and  the  latest  appli- 
cations of  Chemistry  in  pharmacy.  The  work  now  includes  the 
whole  of  the  chemistry  of  the  recently  published  United  States 
Pharmacopoeia,  and  nearly  all  the  chemistry  of  the  British  and 
Indian  Pharmacopoeias. 

The  Index  contains  eight  thousand  references. 


17  BLOOM.SBURY  Squabe,  London, 
May  1,  1883. 


ADVICE  TO  STUDENTS. 


It  is  unnecessary  to  advise  you  to  avoid  studying  merely  by  vray 
of  "  preparation  for  examination."  You  will  not  so  mistake  the 
moans  for  the  end.  You  are  studying  to  fit  yourself  for  your  posi- 
tion in  the  world.  Work  diligently,  study  thoughtfully  and  delib- 
erately— above  all,  be  thorough  ;  otherwise  your  knowledge  will  be 
transient,  and  will  be  unaccompanied  by  that  enlightenment  of  the 
understanding,  that  mental  training,  mental  discipline,  and  general 
elevation  of  the  intellect,  which  constitute,  in  a  word,  education. 
When  you  are  thus  educated,  you  will  with  ease  and  pleasure  pass 
any  examination  in  the  knowledge  you  have  thus  acquired. 

All  authorities  on  education,  whether  statesmen,  teachers,  or  ex- 
aminers, regard  "  Examination,"  even  by  the  most  highly  skilled 
"  Board,"  with  ample  time  at  its  disposal  and  a  wide  area  from 
which  to  select  questions,  as  but  a  partial  test  of  knowledge  and  an 
extremely  imperfect  test  of  education.  It  is  the  best,  however,  that 
has  been  devised,  and  is  especially  useful  when,  following  instead 
of  leading  education,  it  is  restricted  to  the  subjects  of  a  well-de- 
iined,  earnestly-followed,  compulsory  curriculum  of  study — a  cur- 
riculum defined  and  directed  by  a  competent  representative  body, 
wisely  administei-ed  by  properly  qualified  teachers,  and  earnestly 
followed  by  pupils  possessing  sound  preliminary  training. 

Students !  in  all  honor  and  in  the  highest  self-interest  take  care 
that  any  inefficiencies  inseparable  from  "  examination "  are  abun- 
dantly compensated  by  the  extent  and  precision  of  your  know- 
ledge and  by  the  soundness  and  thoroughness  of  your  whole 
education. 


Apparatus  for  Experiments  in  Analysis. 

List  of  Apparatus  suitable  for  a  three  months'  course  of  practical 
chemistry  in  the  summer  session  of  medical  schools  or  for  any  simi- 
lar series  of  lessons — including  the  preparation  of  elementary  gases, 
analytical  reactions  of  common  metals  and  acidulous  radicals,  anal- 
ysis of  single  salts,  chemical  toxicology,  and  the  examination  of 
urine,  urinary  sediments,  and  calculi : — 

One  dozen  test-tubes. 
Test-tube  stand. 
Test-tube  cleaning-brush. 
A  few  pieces  of  glass  tubing,  8  to 

10  in.  long,  with  a  few  inches  of 

India-rubber  tubing  to  fit. 
Small  flask. 
Two  small  beakers. 
Two  small  funnels. 
Two  watch-glasses. 
Two  or  three  glass  rods. 
Wash-bottle. 


Small  pestle  and  mortar. 
A  2-pint  earthenware  basin. 
A  2-inch  and  a  3-inch  evap.  basin. 
Two  porcelain  crucibles. 
Blowpipe. 
Crucible  tongs. 
Bound  file. 
Triangular  file. 
Small  retort-stand. 
Sand-tray. 
Wire  triangles. 
Platinum  wire  and  foil. 
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APPARATUS. 


Test-paper. 
Filter-paper. 


Towel. 

Two  dozen  corks. 


{This  set,  packed  in  a  deal  box,  can  be  obtained  of  any  chemical- 
apparatus  make)-  for  about  seven  dollars.) 

Apparatus  for  Experiments  in  Synthesis  and  Analysis. 

A  larger  set,  suitable  for  the  performance  of  most  of  the  synthet- 
ical as  well  as  analytical  experiments  described  in  this  manual : — 

A  set  of  evaporating-basins,  of 
the  following  sizes : — 
One  8i-inch.       One  4-inch. 
One  74-inch.       Two  3-inch. 
One  60-inch. 


One  retort-stand  and  three  rings. 

Two  test-glasses. 

One  half-pint  flask. 

One  half  quire  of  filter-paper. 

Two  porcelain  crucibles. 

One  measure-glass,  5  oz. 

Blowpipe,  8-inch,  Black's. 

Two  glass  funnels. 

One  doz.  test-tubes  (German  glass). 

One  test-tube  brush. 


One  pair  of  8-inch  brass  crucible- 
tongs. 
Two  soup-plates. 
One  flat  plate. 
Two  spatula-knives. 
One  pair  of  scissors. 
One  round  file. 
One  triangular  file. 
One  half  pound  of  glass  rod. 
One  half  pound  of  glass  tubing. 
One  ft.  small  India-rubber  tubing. 
Three  dozen  corks  of  various  sizes. 
Platinum  wire  and  foil. 
Test>papers. 

A  nest  of  three  beakers. 


{This  set,  packed  in  a  case,  can  be  obtained  of  any  chemical-ap- 
paratus maker  for  about  twelve  dollars.) 

A  sjoonge,  towels,  and  note-book  may  be  included. 


Furniture  op  a  L.vboratory. 

The  following  apparatus  should  be  ready  to  the  hands  of  students 
following  an  extended  course  of  practical  chemistiy  in  a  room  set 
apart  for  the  purpose : — 

Test-tube  rack,  two  dozen  holes. 
Iron  stand  or  cylinder  for  support- 
ing large  dishes. 
Iron  ada|)ters  for  fitting  dishes  to 

cylinder. 
Pestle  and  mortar,  5  or  6  inches. 
One  ()-inch  funnel. 
Brown  pan,  1-  or  2-gallon. 
White  jug,  1-gallon. 
Water-bottle,  quart. 
Twontj'-eight  test-bottles,  6-oz. 


tongs. 


A  bench  or  table  and  stool. 
Water-supply  and  waste-pipe. 
A  cupboard  attached  to  a  chimney 

with  an  outward  draught. 
A  furnace  fed  with  coke 

hot-plate,  or  sand-bath,  etc 
A  waste-box. 

Shelves  for  chemicals  and  other 
materials  in  jars  or  bottles. 

Gas-supply  and  lamp  with  flexible 
tube  (or  a  spirit-lainp  and  spirit). 


Other  articles,  such  as  flasks,  retorts,  receivers,  condensers,  large 
evaporating-dishes,  may  be  obtained  as  wanted.  In  Quantitative 
Analysis  the  apparatus  described  in  the  sections  on  that  subject  will 
be  required. 
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Re  AO  EN  TS. 


Certain  chomicals  aro  used  so  freciuently  in  analytieal  procesRes 
that  it  is  desirable  to  have  small  (luantities  placed  in  bottles  in  front 
of  the  operator.  As  those  "  reagents  "  or  "  test-solutions  "  are  gen- 
crally  employed  in  a  state  of  solution,  nearly  all  the  solid  salts  may 
at  onee  \w  dissolved  (in  distilled  water).  The  bottles  employed 
should  be  wc'.l  stoppered,  and  of  live  or  six  ounces  capacity.  The 
bottles  should  not  be  more  than  three-quarters  full;  single  drops, 
if  required,  can  then  be  poured  out  with  ease  and  precision.  The 
following  list  of  test-solutions  is  recommended ;  directions  for 
methods"of  preparing  those  not  readily  purchasable  will  be  found 


by  referring  to  the  Inde.x  : — 

Sulphuric  Acid,  strong. 
Js'itrie  Acid,  sti'ong. 
Hydrochloric  Acid,  strong 
Acetic  Acid,  strong. 


Sol.  of  Potash,  5  per  cent,  or  B.  Pi 
"     Soda,  0  to  15  per  cent. 
"    Ammon.,  10  per  ct.  or  B.  P. 

Lime-water,  saturated. 


The  next  nine  may  contain  about  10  per  cent,  of  solid  salt: — 

Carbonate  of  Ammonium,  with  a  !  Sulphydrate  of  Ammonium. 

little    .solution    of    Ammonia  j  Chloride  of  Barium. 

added.  Chloride  of  Calcium. 

Chloride  of  Ammonium.  j  Phosphate  of  Sodium. 

Phosphate  or  Arsoniate  of  Am-  I  Neutral  Chromate. 

monium.  I 

The  succeeding  seven  may  have  a  strength  of  about  -5  per  cent. : — 
Ferrocyanide  of  Potassium.  |  Perchloride  of  Iron. 


Ferridcyanide  of  Potassium. 
Iodide  of  Potassium. 
Oxalate  of  Ammonium. 


Nitrate  of  Silvci 
Perchloride  of  Platinum. 


List  of  Chemicals. 

List  of  chemicals  necessary  for  t\ie  practical  study  of  the  non- 
metallic  elements  mentioned  on  pp.  13  to  31.  The  quantities  .are 
sullicient  for  several  experiments. 

Chlf)rate  of  Potassium  .    .  1  oz.  j  Phosphorus   J  oz. 

Black  Oxide  of  Mangan(!sc>  1  oz.    Hydrochloric  vVcid    .    .    .  I  oz. 

Zinc  i  oz.   Sulphur   J  oz. 

Oil  of  Vitriol  2  oz.  |  Iodine   ]  oz. 

List  of  cluunicals  necessary  for  the  anali/lical,  study  of  tlic  metal- 
lic and  ai'idulous  radicals  (pp.  OO  to  37')).  The  (jUiUititiiis  will  de- 
pend on  tli(!  fn^rjuoncy  with  which  (!xp(!riments  arc  r(^])eatcd  or  anal- 
yses performed ;  those  mentioned  are  sufficient  for  nuv  or  two 
stuilonts.  'J'he  articles  are  given  in  the  order  in  which  they 
will  be  retmin^d.  The  eight  substances  mentioned  in  the  above 
list  .are  incuuled  : — 
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The  set  of  test-solutions  doscribeil 


on  the  previous  pai^e. 
Carbonate  of  Potassium    .  1  oz. 

Tartaric  Acid  1  oz. 

Litmus  ^  oz. 

Sulphate  of  Magnesium  .  1  pz. 
Sulphate  of  Zinc  .    .    .    .  l  oz. 

Alum  1  oz. 

Sulphide  of  Iron  ....  1  lb. 

Oak-galls  1  oz. 

Sulphocyanate  of  Potassium  J  oz. 

White  Arsenic  J  oz. 

Zinc  ?  lb. 

Charcoal  ?  lb. 

Sulphate  of  Iron  .    .    .    .  1  oz. 

Copper  foil  1  oz. 

Sulphate  of  Copper  .    .    .  1  oz. 

Tartar  Emetic  J  oz. 

Mercury  I  oz. 

Corrosive  Sublimate  .    .    .  J  oz. 

Calomel  J  oz. 

Tin  I  oz. 

Bicarbonate  of  Sodium  .  .  1  oz. 
Acetate  of  Lead  ....  1  oz. 
Cyanide  of  Potassium  .  .  J  oz. 
Hyposulphite  of  Sodium  .  1  oz. 
A  Lithium  Salt  ...  10  grs. 
Nitrate  of  Strontium     .    .  J  oz. 


Black  O.xide  of  Manganese  ^  Ih. 


Chloride  of  Mangaii(!se  .  |  oz. 
Chloride  of  Cobalt  .  .  .5(J  grs. 
Nitrate  of  Nickel  .  .  .  }  oz. 
Chloride  of  Chromium  .    .  |  oz. 

Gold  leaves  2  or  3 

Chloride  of  Cadmium  .  .  J  oz. 
Nitrate  of  Bisnuith  ...  J  oz. 
Bromide  of  Potassium  .    .  i  oz. 

Starch  1  oz. 

Nitrate  of  Potassium  .  .  1  oz. 
Copper  borings  or  turnings  1  oz. 

Indigo  J-  oz. 

Chlorate  of  Potassium  .    .  1  oz. 

Iodine  i  oz. 

Spirit  of  AVine     .    .    .    .  1  oz. 

Sulphur  .  1  oz. 

Acid  Oxalate  of  Potassium  1  oz. 

Citric  Acid  1  oz. 

Phosphorus  1  oz. 

Borax   1  oz. 

Turmeric  1  oz. 

Benzoic  Acid   ....   .50  grs. 

Fluor  Spar  1  oz. 

Tannic  Acid     ....    50  grs. 

Gallic  Acid  50  grs. 

Pyrogallic  Acid    ...   50  grs. 


The  quantities  of  materials  required  for  the  study  of  Chemistry 
si/ntheticalb/  will  necessarily  vary  with  the  desires  and  tastes  of 
the  operator,  or  according  to  the  number  and  requirements  of  stu- 
dents working  together. 
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CHEMISTRY- 
GENERAL,  MEDICAL,  AND  PHARMACEUTICAL. 


The  infinite  variety  of  solid,  liquid,  and  gaseous  substances 
of  which  our  earth  and  atmosphere  are  composed,  may  be  re- 
solved with  more  or  less  difiiculty  into  distinct  forms  of  matter 
appropriately  termed  Elements,  for  by  no  known  means  can 
they  be  further  decomposed.  Sixty-seven  elements  have  been 
proved  to  exist.  A  few  (such  as  gold)  occur  naturally  in  the 
uncombined  state,  but  the  greater  number  are  combined  in  so 
subtle  a  manner  as  to  conceal  them  from  ordinary  methods  of 
observation.  Thus  none  of  the  common  properties  of  water 
indicate  that  it  is  composed  of  two  elements,  both  gases,  but 
differing  much  from  each  other :  nor  can  the  senses  of  sight, 
touch,  and  taste,  or  other  common  means  of  examination,  de- 
tect in  their  concealment  the  three  elements  of  which  sugar  is 
composed.  The  art  by  which  these  and  all  other  compound 
sub.stances  are  resolved  into  their  elements  is  termed  Chemis- 
try, a  name  derived  possibly  from  the  Arabic  word  kamai,  to 
conceal. f  The  art  of  chemistry  also  includes  the  construction 
of  compounds  from  elements,  and  the  conversion  of  substances 
of  one  character  into  those  of  another.    The  general  pi-inciples 

*  Students  using  this  book  as  a  guide  in  following  chemistry  prac- 
tically should  read  the  first  three  pages,  and  then  commence  work  by 
preparing  oxygen.    All  students  should  read  the  prefatory  pages. 

t  The  idea  tliat  common  metals  contained  valuable  metals  con- 
cealed witliin  them  was  the  one  seed  from  which  mainly  sprung 
chemical  knowledge.  The  men  who  endeavored  to  find  the  secret 
of  such  concealment  were  api)ropriately  termed  alchcumtn,  and  their 
efforts  spoken  of  as  alchemy  (al  kimia,  from  kamai,  to  conceal).  Their 
persistent  labor.s,  generation  after  generation,  were  unsuccessful  so 
far  as  the  transmutation  of  baser  metals  into  gold  was  concerned,  yet 
were  invalnal)le  to  posterity.  For  new  substances  were  discovered 
and  truths  of  nature  unveiled ;  from  these  discoveries  nuiltiplication 
of  discoveries  resulted,  and  thus  grew  the  still-growing  branch  of 
knowledge  called  Chemistry. 
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THE  ELEMENTS. 


or  leading  truths  relating  to  the  elements,  to  the  manner  in 
which  they  severally  combine,  and  to  the  jiroperties  of  the 
compound  substances  formed  by  their  union,  constitute  the 
science  of  chemistry* 

From  these  few  words  concerning  the  nature  of  the  art  and 
science  of  chemistry,  it  will  be  seen  that  in  most  of  the  occu- 
pations that  engage  the  attention  of  man  chemistry  plays  an 
important  part — in  few  more  so  than  in  the  practice  of  Thera- 
peuticsf  and  Pharmacy. J 


*  Persons  wlio  practise  the  art  and  science  of  Chemistry  are  known 
as  Chemists.  Some  two  hundred  or  more  years  ago,  and  before  cliem- 
istry  was  a  science,  the  "chemists"  were  the  makers  or  vendors  of 
chemicals,  then  only  used  as  medicines.  They  were  the  successors  of 
the  Alchemists.  In  Great  Britain  these  chemists  and  the  herbalists, 
otherwise  drug-grocers,  otherwise  druggists,  gradually  associated  to 
form  the  "Chemists  and  Druggists."  Between  the  "Chemist  and 
Druggist"  and  the  Physician  there  existed  the  Apothecary — the 
putter  together  of  medicines  or  compounder  of  physicians'  prescrip- 
tions. The  Apothecary  has  since  become  a  medical  practitioner,  pre- 
scriptions now  being  "made  up"  by  the  Chemist  and  Druggist.  The 
latter  in  Great  Britain,  since  the  year  18(58,  has  the  title  of  Chemist 
and  Druggist,  his  higher  title  being  Pharmaceutical  (Ihemist ;  these 
respective  designations  he  legally  assumes  on  pa.ssing  the  Minor  and 
Major  Examinations,  conducted  by  the  Pharmaceutical  Society  of 
Great  Britain  in  accordance  with  the  provisions  of  the  Pharmacy  Acts 
of  1852  and  1868.  The  whole  class  is  often  spoken  of  as  tliat  of 
Pharmacists  or  PharmaceuliHs,  terms  also  used  in  the  United  States. 
Other  classes  of  chemists  are  the  Analytical  Chemists,  who  give  spe- 
cial attention  to  Analysis :  Manufacturing  Chemists,  who  restrict  their 
labors  to  the  preparation  of  chemicals ;  while  others  devote  a  portion 
of  their  knowledge  and  energies  to  Chemical  Education  or  to  Chemical 
Research,  or  are  appealed  to  as  Consulting  Chemists  by  the  persons, 
.firms,  corporations,  or  governments  needing  chemical  advice  respect- 
ing industrial  processes,  hygienic  matters,  etc.  The  callings  of  the 
Consulting  and  Analytical  Chemist  are  generally  united,  and  the  pro- 
fessional gentlemen  who  follow  these  conjoint  avocations  also  not  un- 
frequently  occupy  professorial  or  other  tutorial  positions,  sometimes 
adding  to  these  labors  more  or  less  work  at  original  chemical  research. 
In  England,  Scotland,  and  Ireland,  nearly  all  the  leading  professional 
chemists  are  Fellows  of  the  Inslilutc  of  Chemistry  of  Great  Britain  and 
Ireland. 

f  Therapeutics  [depa-KEvriKoQ,  thcrapculikos,  from  Otpa-mu,  therapeuo, 
to  nurse,  serve,  or  cure)  is  that  branch  of  medicine  which  treats  of 
the  aijplication  of  remedies  for  diseases;  it  includes  dietetics.  The 
therapeutist  also  takes  cognizance  of  hygiene,  that  department  of 
medicine  which  respects  the  preservation  of  health. 

X  Pharmacy  (from  ^af)juaKov,  phannahon,  a  drug)  is  the  generic  name 
for  the  operations  of  preparing  or  compounding  medicines,  whether 
performed  by  the  Medical  Practitioner  or  by  the  Chemist  and  Drug- 
gist. It  is  also  sometimes  applied,  like  the  corresponding  term  "Sur- 
gery," to  the  apartment  in  which  the  operations  are  conducted. 
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Air,  water,  food,  drugs,  and  chemicals,  in  short  all  material 
substances,  are  composed  of  a  few  elements.  An  intimate 
knowledge  of  the  properties  of  these,  and  of  the  various  sub- 
stances they  form  by  combining  with  each  other,  a  knowledge 
of  the  power  or  force  (the  chemical  force,  or  chemical  affinity) 
by  which  the  elements  contained  in  those  compounds  are  held 
together,  and  an  application  of  such  knowledge  to  Pharmacy 
and  jMedicine,  must  be  the  objects  sought  to  be  attained  by  the 
learner,  for  whom  this  work  has  been  especially  written. 


The  Elements. — Of  the  sixty-seven  known  elements  thirty- 
nine  are  of  medical  or  pharmaceutical  interest;  of  these,  about 
two-thirds  are  metals,  and  one-third  non-metals;  the  remainder* 
are  so  seldom  met  with  in  nature  as  to  have  received  no  prac- 
tical application  either  in  medicine,  art,  or  manufacture.  Be- 
fore intimately  studying  the  elements,  it  is  desirable  to  acquire 
some  general  notions  concerning  them  :  such  a  procedure  will 
also  serve  to  introduce  the  practical  student  to  his  apparatus, 
and  make  him  better  acquainted  with  the  various  methods  of 
manipulation.f 

Metallic  Elementa. — With  regard  to  the  metallic  elements,  it 
may  be  safely  assumed  that  the  reader  has  sufficient  knowledge 
for  present  purposes ;  but  little,  therefore,  need  now  be  said 
respecting  them.  He  has  an  idea  of  the  appearance,  relative 
weight,  hardness,  etc.,  of  such  metals  as  gold,  silver,  copper, 
lead,  tin,  zinc  and  iron.  If  he  has  not  a  similar  knowledge 
of  mercury,  antimony,  arsenicum,  platinum,  nickel,  aluminium, 
magnesium,  potassium,  and  sodium,  he  should  commence  his 
studies  by  seeing  and  handling  specimens  of  each  of  these 
metals. 

Non-Metallic  Elements.^ — With  regard  to  the  non-metallic 

*  A  complete  list  of  the  elements  will  be  found  at  the  end  of  the  volume. 

tThis  allusion  to  appanitiis  need  not  discourage  the  yotmgest  pupil. 
With  the  aid  of  a  few  pliiiils,  wine-glasses,  or  other  similar  vessels 
always  at  hand,  he  may,  by  studying  the  following  pages,  learn  the 
chemical  reactions  which  are  constantly  occurring  in  the  course  of 
making  uj)  medicines,  understand  the  jirocess  by  which  medicinal 
preparations  are  maiiufaetured,  and  detect  adulterations,  impurities, 
or  faults  of  manufacture.  Among  the  substances  used  in  medicine, 
will  be  found  nearly  all  the  chemicals  rcciuircd.  If,  in  addition,  a 
dozen  test-tubes  and  a  few  feet  of  gla.ss  tnl)ing  be  procured,  many  of 
the  e.xjjeriments  described  may  be  performed.  I'^or  full  lists  of  appa- 
ratus and  elicmicals  see  introductory  pages. 

X  Tliese  bodies  are  sometimes  termed  mclallnids  (from  /iiraXAnv, 
meiulinn,  a  metal,  and  ehhr^  etV/o.s,  likeness) ;  but  the  name  is  not  ap- 
propriate, for  tlie  non-metallic  elements  have  no  likeness  to  metals. 
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elements,  it  is  here  supposed  that  the  student  has  no  general 
knowledge.  He  should  commence  his  studies  therefore  by  a 
series  of  operations  as  follows,  on  eight  out  of  their  number. 

OXYGEN. 

Preparation. — As  oxygen  is  the  most  abundant  element  in  nature, 
forming,  though  in  a  combined  state,  about  one-half  of  the  whole 
weight  of  our  globe,  it  may  safely  be  assumed  that  this  element  can 
readily  be  obtained  in  the  free  condition  in  a  state  of  purity.  In 
fact,  the  air  itself  contains  about  one-fifth  of  its  bulk  of  oxygen, 
though  from  the  air  it  cannot  be  separated,  at  least  not  easily  and 
readily,  for  experimental  pui-poses.  It  is  preferable  to  apply  heat 
— that  force  which  will  often  be  noticed  as  antagonistic,  so  to  speak, 
to  chemical  union ;  heat  generally  separating  particles  of  matter 
further  from  each  other,  while  chemical  attraction  tends  to  bind 
them  closer  together — it  is  better  to  heat  certain  compounds  con- 
taining oxygen ;  the  latter  is  then  evolved  in  its  normal,  natural 
condition  of  gas.  iSeveral  substances,  when  heated,  yield  oxygen  ; 
but  for  convenience  and  economy,  the  crystalline  body  known  a-s 
chlorate  of  potassium  is  best  fitted  for  the  experiment.  The  size 
and  form  of  the  vessel  in  which  to  heat  it  Avill  mainly  depend  on  the 
quantity  required ;  but  for  the  purposes  of  the  student  the  best  is  a 
test-tube,  an  instrument  in  constant  requisition  in  studying  practical 
chemistry.  It  is  simply  a  thin  tube  of  glass,  a  few  inches  in  length, 
and  half  or  three-quarters  of  an  inch  in  diameter,  closed  by  fusion 
at  one  end.  It  is  made  of  thin  glass,  in  order  that  it  may  be  rapidly 
heated  or  cooled  without  risk  of  fracture.    (See  Fig.  1.) 

Outline  nf  the  Process. — Heat  chlorate  of  potassium  (say,  as 
much  as  will  lie  on  a  shilling)  in  a  test-tube,  by  means  of  a 
spirit-  or  gas-flame;  gaseous  oxygen  is  quickly  envolved.  Be- 
fore applying  heat,  however,  provision  should  be  made  for  col- 
lecting the  gas.    (See  Fig.  3.) 

C'>/lection  of  Gases. — Procure  a  piece  of  glass  tubing  about 
the  thickness  of  a  quill  pen,  and  a  foot  or  eighteen  inches  long, 
and  fit  it  accurately  to  the  test-tube  by  means  of  a  cork. 
(Longer  tubes  may  be  neatly  cut  to  any  size  by  smartly  draw- 
ing the  edge  of  a  triangular  file  across  the  glass  at  the  re- 
quired point,  then  clasping  the  tube,  the  scratch  being  between 
the  hands,  and  pulling  the  portions  asunder,  force  being  ex- 
erted in  a  sl'ghtly  curved  direction  so  as  to  open  out  the  crack 
which  the  file  has  commenced.)  The  tube  is  fixed  in  the  cork 
through  a  round  hole  made  by  the  aid  of  a  red-hot  wire,  or, 
better,  a  rat-tail  file,  or,  best  of  all,  by  one  of  a  set  of  cork- 
borers — pieces  of  brass  tubing  sharpened  at  one  end  and  hav- 
ing a  flat  head  at  the  other.  Setting  aside  the  test-tube  for  a 
few  minutes,  proceed  to  bend  the  long  piece  of  tubing  to  the 
most  convenient  shape  for  collecting  the  gas. 
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To  Bend  Glnss  Tubes. — Hold  the  part  of  the  tube  required 
to  be  bent  in  any  gas-  or  spirit-flame  (a  fish-tail  gas-jet  answers 

Fig.  1. 


SortPiiiiig  and  bciuliiig  Glass  Tillies. 

very  well),  constantly  rotating  it,  so  that  about  an  inch  of  the 
glass  becomes  heated.    It  will  soon  be  felt  to  soften,  and  will 
then,  yielding  to  the  ffentle  pressure 
of  the  fingers,  assume  any  required  pig_  2. 

angle.  In  the  present  case,  the  tube 
should  be  heated  at  about  four  inches 
from  the  extremity  to  which  the  cork 
is  attached,  and  bent  to  an  angle  of 
about  90  degrees. 

Source  of  Heat. — The  source  of  heat 
for  the  test-tube  may  be  the  flame  of 
an  ordinary  spirit-lamp,  or,  still  better 
where  coal-gas  is  procuralilc,  a  mixture 
of  the  latter  with  air.  Gas-lamps  espe- 
cially constructed  to  burn  a  mixture  of 
coal-gas  and  air  are  sold  by  chemical- 
apparatus  manufacturei'S.  (See  Figs. 
3  and  7).  y 

Colhr.ttmt ,  efc.  (^ronthnied'). —  Fit 
the  cork  and  bent  tube  into  the  test- 
tube  ;   the  apparatus  will  then  be 

ready  for  delivering  gas  at  a  convenient  distance  from  the 
heated  portion  of  the  arrangement.  To  collect  it,  have  ready 
three  or  four  test-tubes  (or  small  wide-mouthed  bottles)  filled 
with  water,  and  inverted  in  a  basin,  or  other  similar  vessel, 
also  containing  water,  taking  care  to  keep  the  mouths  of  the 
tubes  a  little  below  the  surface.  Now  apply  heat  to  the  chlo- 
rate contained  in  the  test-tube,  and  so  arrange  the  open  end  of 
the  bent  tube  under  the  water  that  the  gas  which  presently 
issues  may  bubble  into  and  gradually  fill  the  inverted  test-tubes. 
The  finst  tubeful  nuiy  be  rejected,  as  it  probably  consists  of 
little  more  than  the  air  originally  in  the  apparatus,  and  which 
has  been  displaced  by  the  oxygen.  That  which  comes  after- 
wards will  be  pure  oxygen. 
2  a> 
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Tliis  engraving  represents  the  preparation,  collection,  ami  storage  of  small  quantities 
of  oxygen  gsia.  A  test-tube  and  beut  glass  tube,  joined  together  b,v  a  perforated  cork, 
are  supported  by  the  arm  of  an  iron  stand.  (The  apparatus  might  be  held  by  the 
fingers.)  The  tube  is  heated  by  a  gas-Ianip.  (The  spirit-lani])  shown  at  the  back  might 
bo  used  instead.)  Gas  evolved  from  the  heated  substance  in  the  test-tube  is  displacing 
woter  from  an  inverted  test-tube.  Spare  tubes  in  a  test-tube  rack  are  at  hand,  and  tubes 
already  filled  are  set  aside  till  wanted.  A  nest  of  cork-bnrei-s,  a  round  file,  a  triangular 
file,  and  a  test-tube  cleaning  brush  are  lying  on  the  tiible  or  student's  bench.  Below  arc 
cupboards  for  apparatus,  above  arc  bottles  containing  testing  liquids,  etc. 


As  each  tube  or  bottle  becomes  full,  its  mouth  (still  under 
the  surface  of  the  water)  may  be  closed  by  a  cork  and  set 
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aside ;  or  a  little  cup  (such  as  a  porcelain  crucible  or  small 
gallipot)  may  be  brought  under  the  mouth,  and  the  cup,  with 
the  mouth  of  the  tube  in  it,  be  lifted  out  of  the  water  and 
placed  close  by  till  wanted,  the  water  remaining  in  the  cup 
effectually  preventing  the  gas  from  escaping. 

On  the  large  scale,  oxygen  may  be  made  in  the  same  way,  larger 
vessels  (glass  flasks  or  iron  bottles)  being  employed.  Less  heat  also 
will  be  necessary  if  the  chlorate  of  potassium  be  previously  mixed 
with  very  fine  sand,  or,  still  better,  with  about  an  equal  M'eight  of 
common  black  o.Kide  of  manganese. 

Note  OH  the  Collection  and  Storage  of  Gases. — It  may  be  as  well 
to  state  that  nearly  all  gases,  whether  for  experimental  or  practical 
purposes,  are  collected  and  stored  in  a  similar  manner.  Even  coal- 
gas  is  generated  at  gas-works  in  iron  retorts  very  much  the  shape  of 
test-tubes,  only  they  are  as  many  feet  long  as  a  test-tube  is  inches : 
and  the  well-known  gigantic  gas-holders  may  be  viewed  as  inverted 
iron  test-tubes  of  great  diameter. 

Properties. — Oxygen  is  a  colorless  gas.  Cailletet  and  Pictet 
succeeded  in  liquefying  it.  Wroblewski  and  Olszewski  have 
obtained  it  in  some  amount  as  a  definite,  colorless,  transparent 
fluid.  Obviously  it  is  not  very  soluble  in  water,  or  it  could 
not  be  collected  by  the  aid  of  that  liquid. 

Oxygen  is  soluble  to  a  certain  extent,  however  (about  3  volumes 
in  100  at  common  temperatures),  or  fishes  could  not  breathe. 

Other  noticeable  features  are  its  want  of  taste  and  smell. 
Next,  to  show  the  relation  of  oxygen  to  combustion,  remove 
one  of  the  tubes  from  the  water  by  placing  the  thumb  over 
its  mouth,  apply  for  a  second  a  lighted  wood  nmtcli  to  the 
orifice ;  the  gas  will  be  found  to  be  incombustible.  Extin- 
guish the  flame  of  the  match,  and  then  quickly  introduce  the 
still  incandescent  carbonaceous  extremity  of  the  wood  half- 
way down  the  test-tube  ;  the  wood  will  at  once  burst  into  flame 
owing  to  the  extreme  violence  with  which  oxygen  supports 
combustion.  These  tests  of  the  presence  of  oxygen  may  also 
be  applied  at  the  extremity  of  the  delivery-tube  whilst  the  gas 
is  being  evolved.  (It  is  desirable  to  retain  two  tubes  of  the 
gas  for  use  in  subsequent  experiments  ;  also  one  tube  in  which 
only  one-third  of  the  water  has  been  displaced  by  oxygen.) 

Relation  of  Oxygen  to  Animal  and  Vegetable  Life. — Not  only  the 
carbon  at  the  end  of  a  piece  of  charred  wood,  but  any  other  sub- 
stance that  will  burn  in  air  (wlii(-h,  as  will  be  seen  presently,  is 
diluted  oxygen)  will  burn  more  brilliantly  in  pure  oxygen.  The 
warmth  of  the  body  of  animals  is  kept  up  by  the  continuous  burn- 
ing of  the  tissues  in  the  oxygen  (of  trie  air)  drawn  into  the  system 
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threugh  the  lungs.  TIic  product  of  this  combustion  is  a  gaseous 
compound  of  carbon  and  oxygen  termed  carbonic  acid  gas,  a  gas 
which,  in  sunlight,  is  decomposed  in  the  cells  of  plants,  with  fix- 
ation of  the  carbon  and  liberation  of  the  oxygen ;  hence  the  atmo- 
sphere is  kept  constiint  in  composition. 

Memorandum. — At  present  it  is  not  advisable  that  the  reader 
should  trouble  himself  with  the  consideration  of  the  chemical  action 
which  occurs  either  in  the  elimination  of  oxygen  from  its  compounds, 
or  in  the  separation  of  any  of  the  following  non-metallic  elements 
from  their  combinations.  It  is  to  the  properties  of  the  elements 
themselves  that  he  should  restrict  his  attention.  AVorking  thus  from 
simple  to  more  complex  facts,  he  will  in  due  time  find  that  the  com- 
prehension of  such  actions  as  occur  in  the  preparation  of  these  few 
elements  will  be  easier  than  if  he  attempted  their  full  study  now. 

HYDROGEN. 

Preparation  and  Collection. — The  element  hydrogen  is  also 
a  gas,*  and  is  obtainable  from  its  commonest  compound,  water 
(of  which  one-ninth  by  weight  is  hydrogen),  by  the  agency 
of  hot  zinc  or  iron,  but  more  conveniently  by  the  action  of 
either  of  these  metals  on  cold  diluted  sulphuric  acid.  The 
apparatus  used  for  making  oxygen  may  be  employed  for  this 
experiment ;  but  no  lamp  is  required.  Place  several  pieces  of 
thin  zinc  f  in  the  generating-tube  (Fig.  4),  or  in  any  common 
glass  bottle  (Fig.  5)  or  flask,  and  cover  them  with  water.  The 
collecting-tubes  (these  may  be  wide-mouthed  bottles)  being 
ready,  add  strong  sulphuric  acid  (oil  of  vitriol)  to  the  zinc  and 
water,  in  the  proportion  of  about  one  volume  of  acid  to  five  of 
water,  and  fit  on  the  delivery-tube,  or  pour  the  acid  down  such 
a  funnel-tube  \  as  is  shown  in  Fig.  5  ;  the  hydrogen  is  at  once 

*  Graham  obtained  alloys  of  hydrogen  with  palladium  and  other 
metals,  compounds  in  which  several  hundred  times  its  bulk  of  gas 
is  retained  by  the  metal  in  vacuo  or  even  at  a  red  heat.  This  was 
physical  confirmation  of  the  opinion  long  held  by  chemists,  that 
hydrogen  is  a  gaseous  metal.  Graham  termed  it  liydrogenium  (other 
chemists  hydrimn),  and  considered  its  relative  weight  in  the  solid  state 
to  be  nearly  three-fourths  that  of  water.  Cailletet  and  Pictet  have 
since  actually  liquefied  and  solidified  this  element. 

t  The  best  form  is  c/rcmulnlecl  sine  {Zincnm,  U.  S.  P.),  made  by  heating 
scraps  of  common  sheet  zinc  in  a  ladle  over  a  fire,  and  as  soon  as 
melted  pouring,  in  a  slow  stream,  into  a  pail  of  water  from  a  height 
of  8  or  10  feet.  Each  drop  of  zinc  thus  yields  a  thin  little  bell,  which, 
for  its  weight,  presents  a  large  surface  to  the  action  of  the  acid  water. 
If  the  zinc  is  allowed  to  become  hotter  than  necessary,  the  little  bells 
will  not  be  formed. 

X  Funnel-tubes  may  be  purchased  of  the  apparatus-maker,  or,  if  the 
pupil  has  access  to  a  table  blowpipe  and  the  advantage  of  a  tutor  to 
direct  his  operations,  they  may  be  made  by  himself 
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evolved.  Having  rejected  the  first  portions  (or  having  waited 
until  the  air  originally  in  the  bottle  may  be  considered  to  be 
all  expelled),  collect  four  or  five  tubes  of  the  gas  in  the  manner 
described  under  Oxygen. 


Preparation  of  Hydrogen. 


In  making  larger  quantities  bottles  of  appropriate  size  may  be 
employed. 

Other  metals,  notably  potassium  and  sodium,  liberate  hydrogen 
the  moment  they  come  into  contact  with  water ;  but  the  processes 
are  not  economical. 

Properties. — Like  oxygen,  hydrogen  gas  is  invisible,  inodor- 
ous, and  tasteless.  If  made  with  iron  it  has  a  strong  smell, 
but  this  is  due  to  impurities  derived  from  the  iron. 

Apply  a  flame  to  the  mouth  of  the  delivery-tube  (care  being 
taken  that  the  gas  is  coming  ofi"  briskly — a  guarantee  that  no 
air  remains  in  the  generating  vessel)  ;  ignition  of  the  hydrogen 
ensues,  showing  that,  unlike  oxygen,  it  is  combustible. 

Plunge  a  lighted  match  well  into  a  tube  (or  wide-mouthed 
bottle)  containing  hydrogen  ;  the  gas  is  ignited,  but  the  match 
becomes  extinguished.  This  shows  that  hydrogen  is  not  a  sup- 
porter of  combustion. 

Hydrogen  in  burning  unites  with  the  oxygen  of  the  air  and 
forms  water,  which  may  be  condensed  on  a  cool  glass  or  other 
surface.  Prove  this  by  holding  a  glass  vessel  a  few  inches 
above  a  hydrogen  flame.  In  burning  the  hydrogen  contained 
in  one  of  the  tubes  or  bottles,  the  flame  is  best  seen  when  the 
tube  is  held  mouth  upwards,  and  water  poured  in  so  as  to  force 
out  the  gas  gradually. 

If,  instead  of  this  gradual  combination  of  the  two  elements 
oxygen  and  hydrogen,  they  be  mixed  together  in  bulk  in  the 
right  proportions  and  then  ignited,  they  will  rapidly  combine, 
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and  explosion  will  result.  Prepare  a  mixture  of  this  kind  by 
filling  up  with  hydrogen  a  test-tube  from  which  one-third  of 
the  water  has  been  expelled  by  oxygen.  Remove  the  tube  from 
the  water,  placing  a  finger  over  the  mouth,  and,  having  a 
lighted  match  ready,  apply  the  flame  ;  a  slight  explosion  ensues, 
owing  to  the  instantaneous  combination  of  the  two  elements, 
and  the  expansive  force  of  the  highly  heated  steam  produced. 
If  anything  larger  than  a  test-tube  is  employed  in  this  experi- 
ment, it  should  be  a  soda-water  bottle,  or  some  such  vessel 
equally  strong. 

Those  two  gases  thus  unite  at  a  temperature  far  higher  than  that 
of  boiling  water,  two  volumes  of  hj'drogen  and  one  of  oxygen  yield- 
ing two  volumes  of  gaseous  water '(true  steam). 

The  noise  of  such  explosions  is  caused  by  concussion  between  the 
suddenly  expanded  gaseous  body  and  the  air. 

The  force  of  the  explosion,  or,  in  other  words,  the  force  of  the 
suddenly  heated,  and  therefore  suddenly  expanded,  steam,  is  below 
that  necessary  to  break  the  test-tube.  Some  force,  however,  is  ex- 
erted, and  hence  the  necessity  of  the  pi-ecaution  previously  suggested 
of  allowing  all  the  air  which  may  be  in  a  hydrogen-apparatus  to 
escape  before  proceeding  with  the  experiments.  If  a  flame  be  ap- 
plied to  the  delivery-tube  before  all  the  air  is  expelled,  the  probable 
result  will  be  ignition  of  the  mixture  of  hj'drogen  and  oxygen  (of 
the  air)  and  consequent  explosion.  But  even  in  this  case  the  gen- 
erating-vessel  is  not  often  fractured  unless  it  be  large  and  of  thin 
glass,  the  ordinary  effect  being  that  the  cork  is  blown  out,  and  the 
delivery-tube  broken  on  falling  to  the  ground. 

Hydro o;en  is  a  prominent  constituent  of  all  the  substances  used 
for  producing  artificial  light,  such  as  tallow,  oil,  and  coal-gas.  The 
explosive  force  of  large  quantities,  such  as  a  roomful  of  coal-gas  and 
air,  though  vastly  below  that  of  an  equal  weight  of  gunpowder,  is 
well  known  to  be  sufficient  at  least  to  blow  out  that  side  of  the  room 
which  offers  least  resistance. 

The  composition  of  water  can  be  proved  analytically  as  well  as 
synthetically,  a  current  of  electricity  decomposing  it  into  its  con- 
stituent gases,  twice  as  much  hydrogen  as  oxygen,  by  volume,  being 
produced. 

Combustion  (from  comburo,  to  burn). — The  experiments  with 
hydrogen  and  oxygen  illustrate  the  true  character  of  combustion. 
Whenever  chemical  combination  is  sufficiently  intense  to  be  accom- 
panied by  heat  and  light,  the  materials  are  said  to  undergo  combus- 
tion. Combustion  only  occurs  at  the  line  of  contact  of  the  combin- 
ing bodies  ;  a  jet  of  oxygen  will  burn  in  an  atmosphere  of  hydrogen 
quite  as  easily  as  a  jet  of  hydrogen  in  oxygen.  A  jet  of  air  (diluted 
oxygen)  will  burn  as  readily  in  a  jar  of  coal-gas  as  a  jet  of  coal-gas 
burns  in  air ;  each  is  combustible,  each  supports  the  combustion  of 
the  other.  Hence  the  terms  combustible  and  supporter  of  combus- 
tion are  purely  conventional,  and  only  applicable  so  long  as  the  cir- 
cumstances under  which  they  are  applied  remain  the  same.    In  the 
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case  of  substances  burnitin;  in  air,  the  conditions  are,  practically, 
always  the  same :  honce  no  conf  usion  arises  from  rcfrarding  air  as 
the  jji-eat  supporter  of  combustion,  and  bodies  which  burn  in  it  as 
boinji;  combustible. 

Structure  of  Flame. — A  candle-flame  or  oil-flame  is  a  jet  of  g^sis 
intensely  heated  ;  the  central  portion  is  unbui'ut  gas  ;  the  next  enve- 
lope is  formed  of  partially  burnt  and  very  dense,  gaseous,  and  solid 
particles  sufficiently  highly  heated  to  give  light,  and  the  outer  cone 
of  completely  burnt  gases.  In  the  figure  the  sharpness  of  limit  of 
these  coues  is  purposely  somewhat  exaggerated.  Air  made,  by  any 
mechanical  contrivance  of  burner,  to  mix  with  the  interior  of  a  flame 
at  once  liurns  up,  or  perhaps  prevents  the  formation  of  dense  gases 
giving  a  hotter,  but  non-luminous,  jet.  The  air-gas  lamps  (Fig.  7), 
or  "  Bunsen  "  gas-burners  commonly  used  in  chemical  laboratories 
are  constructed  on  this  principle  ;  their  flame  has  the  additional  ad- 
vantage of  not  yielding  a  deposition  of  soot. 


Fig.  6.  Fig.  7. 


Structure  of  Flame.  "  Biinsen  "  or  Air-gas  Burner. 

In  the  air-gas  lamp,  coal-gas  escaping  from  a  small  orifice  draws 
rather  more  than  twice  its  volume  of  air  (supplied  through  adjacent 
holes)  into  its  column,  and  the  mixture  of  gas  and  air  passes  upwards 
along  a  pipe.  It  only  burns  at  the  end,  and  not  within  the  pipe, 
partly  because  the  metal  of  the  burner,  by  conducting  heat  away, 
cools  the  mixture  below  the  temperature  at  which  it  can  ignite ; 
partly  because  the  velocity  with  which  the  mixture  flows  out  is 
greater  than  the  rate  at  which  such  a  mixture  ignites ;  and  partly 
because  the  proportion  of  air  to  gas  in  this  mixture  is  insufKcien't 
for  thorough  and  perfect  combustion,  the  external  air  contributing 
materially  to  the  complete  combustion  of  the  jet  of  air-gas.  The 
Bavi/  sq/eM/-/ninp  acts  on  the  first-named  principle ;  a  wire-gauze 
cage  .surrounds  an  oil-flame;  an  inflamnialile  mixture  of  gas  and  air 
(fire-damp)  can  pass  through  the  gauze  and  catch  fire  and  burn  in- 
side;  but  th(!  flame  cannot  be  communicated  to  the  mixture  outside, 
because  the  metal  of  the;  giduze  and  of  the  other  parts  cools  down  the 
gas  below  the  temperature  at  which  combustion  can  continue. 
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Properties  {continued). — Griiseous  hydrogen  is  the  lightest 
substance  known.  It  was  formerly  used  for  filling  balloons, 
but  was  superseded  by  coal-gas.  Coal-gas  is  not  so  light  as 
hydrogen,  but  is  cheaper  and  more  easily  obtained.  The  light- 
ness of  hydrogen  may  be  rendered  evident  by  the  following 
experiment :  Pill  two  test-tubes  with  the  gas,  and  hold  one 
with  its  mouth  downwards  and  the  other  with. its  mouth  up- 
wards. The  hydrogen  will  have  escaped  from  the  latter  in  a 
few  seconds,  whereas  the  former  will  still  contain  the  gas  after 
the  lapse  of  some  minutes.  This  may  be  proved  by  applying 
a  lighted  match  to  the  mouths  of  the  respective  tubes. 

The  relative  weight  or  specific  gravity  of  oxygen  is  sixteen  times 
that  of  hydrogen.  A  vessel  holding  one  grain  of  hydrogen  will  hold 
sixteen  grains  of  oxygen.  The  relation  of  the  weight  of  hydrogen 
to  air  is  as  1  to  14.44  or  as  0.0693  to  1.0.  One  grain  of  hydrogen  by 
weight  would  measure  about  27  fluidounces.  One  grain  of  hydrogen 
would,  therefore,  about  fill  a  common  wine  bottle.  Such  a  bottle 
would  hold  about  14^  grains  of  air,  or  16  grains  of  oxygen. 

Mem. — It  is  desirable  to  retain  two  tubes  of  hydrogen  for  use  in 
subsequent  experiments. 

Diffusion  of  Ga.ies. — Hydrogen  cannot  be  kept  in  such  vessels  as 
the  inverted  test-tubes  ;  for,  though  much  lighter  than  air,  it  diffuses 
downwards  into  the  air,  while  the  air,  though  much  heavier,  diffuses 
upwards  into  the  hydrogen.  This  power  of  diff'u.noii  is  character- 
istic of  all  gases,  and  proceeds  according  to  a  fixed  law,  namely,  "  in 
inverse  proportion  to  the  square  root  of  the  specific  gravity  of  the 
gas "  (Graham).  Thus  hydrogen  diffuses  four  times  faster  than 
oxygen.  This  great  and  important  property  of  diffusion  strongly 
suggests  that  the  particles  of  gases,  at  least,  are  always  moving, 
never  at  rest ;  how  otherwise  eo^dd  gases  diffuse  into  each  other,  as 
they  do,  notwithstanding  the  opposing  influence  of  gravitation? 
Diffusion  strongly  supports  this  (Clausius's)  Kinetic  (kiveu,  kined,  I 
move  or  jjut  in  motion)  theory  of  the  physical  condition  of  gases. 

PHOSPHORUS. 

Appearance  and  Source. — Phosphorus  (Phosphorus,  U.  S.  P.)  is 
a  solid  element,  in  appearance  and  consistence  resembling  white 
wax ;  but  it  gradually  becomes  yellow  by  exposure  to  light.  It 
is  a  characteristic  constituent  of  bones,  and  is  always  prepai-cd 
from  that  source  by  a  process  which  will  be  subsequently  de- 
scribed. 

Caution. — Phosphorus,  on  account  of  its  great  affinity  for  oxygen, 
takes  fire  very  readily  in  the  air,  and  should  therefore  be  kept  under 
water.  When  wanted  for  use  it  must  be  cut  under  water.  It  is 
employed  in  tipping  lucifers,  though  red  or  amorphom  phosphorus 
{vide  Index)  is  least  objectionable  for  tliis  purpose. 

Experiment. — Dry  a  piece  about  one-fourth  the  size  of  a  pea 
by  quickly  and  carefully  pressing  it  belweeu  the  folds  of  porous 


NITROGEX. 


25 


(filter  or  blottinj>)  paper ;  place  it  on  a  plate,  and  ignite  by 
touching  it  with  a  piece  of  warm  wire  or  wood.  The  product 
of  combustion  is  a  dense  white  suflPocating  smoke,  which  must 
be  confined  at  once  by  placing  an  inverted  tumbler,  test-glass, 
or  other  similar  vessel  over  the  phosphorus.  The  fumes  rapidly 
aggregate,  and  fiill  in  white  flakes  on  the  plate.  When  this 
has  taken  place,  and  the  phosphorus  is  no  longer  burning, 
moisten  the  powder  with  a  drop  or  two  of  water,  and  observe 
that  some  of  the  water  is  converted  into  steam,  an  eflFect  due 
to  the  intense  affinity  with  which  the  two  combine. 

The  powder  produced  by  the  combu.stion  of  phosphorus  is  phos- 
phoric anhydride ;  the  combination  of  the  latter  with  the  elements 
of  water  produces  a  variety  of  phosphoric  acid  which  dissolves  in 
the  water,  forming  on  standing  a  dilute  solution  of  ordinary  phos- 
phoric acid.  The  Diluted  Phosphoric  Acid  of  the  Briti.sh  and  United 
States  Pharmacopoeias  is  a  somewhat  similar  solution,  made,  how- 
ever, in  a  different  way,  and  of  a  definite  strength. 

NITROGEN. 

Source. — The  chief  source  of  this  gaseous  element  is  the  atmo- 
sphere, nearly  four-fifths  of  which  consists  of  nitrogeu  (the  remaining 
fifth  being  almost  entirely  oxygen). 

Preparation. — Burn  a  piece  of  dried  phosphorus,  the  size 
of  a  pea,  in  a  confined  portion  of  air.  The  oxygen  is  thus  re- 
moved, and  nitrogen  alone  remains.  The  readiest  mode  of 
performing  this  experiment  is  to  fix  a  piece  of  earthenware 


Prepamtion  <if  Xitrogen.  Docuntiition  of  Gases. 


(the  lid  of  a  small  porcelain  crucible  answers  very  well)  on  a 
thin  piece  of  cork,  so  that  it  may  float  in  a  dish  of  water.  Place 
the  phosphorus  on  the  lid,  ignite  by  a  warm  rod,  and  then  in- 
vert a  tumbler,  or  any  glass  vessel  of  about  a  half-pint  capacity, 
over  the  burning  phosphorus,  so  that  the  glass  may  dip  into  the 
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water.  Let  the  arrangement  rest  for  a  short  time  for  the  fumes 
of  phosphoric  anhydride  to  subside  and  dissolve  in  the  water, 
and  then  decant  the  gas  into  test-tubes  in  the  manner  indi- 
cated in  Fig.  9,  using  a  tub  or  other  vessel  of  water  of  suffi- 
cient depth  to  permit  the  glass  containing  the  nitrogen  to  be 
turned  on  one  side  without  air  gaining  access. 

Larger  quantities  of  nitrogen  are  made  in  the  same  way.  Other 
combustibles,  such  as  sulphur  or  a  candle,  might  be  used  to  burn  out 
the  oxygen  from  a  given  quantity  of  air,  but  none  answer  so  quickly 
and  completely  as  phosphorus  ;  added  to  which,  the  product  of  their 
combustion  would  not  always  be  dissolved  by  water,  but  would  I'e- 
main  with  and  contaminate  the  nitrogen. 

Mem. — The  statement  concerning  the  composition  of  the  air  is 
roughly  confirmed  in  preparing  nitrogen,  about  one-fifth  of  the  vol- 
ume of  the  air  originally  in  the  glass  vessel  having  disappeared,  its 
place  being  occupied  by  water  from  the  dish. 

Propertiex. — Like  oxygen  and  hydrogen,  nitrogen  gas  is  in- 
visible, tasteless,  and  inodorous.  By  pressure  Cailletet  and 
Pictet  succeeded  in  condensing  it  to  a  liquid.  Wroblewski  and 
Olszewski  have  obtained  it  in  some  amount  as  a  definite,  color- 
less, transparent  fluid.  It  is  only  slightly  soluble  in  water. 
Free  nitrogen  is  distinguished  from  all  other  gases  by  the 
absence  of  any  characteristic  or  positive  properties.  Apply  a 
flame  to  some  contained  in  a  tube  ;  it  will  be  found  to  be  incom- 
bustible. Immerse  a  lighted  match  in  the  gas ;  the  flame  is 
extinguished,  showing  that  nitrogen  is  a  non-sujjporter  of 
combustion. 

The  chief  oiTice  of  nitrogen  in  the  air  is  to  dilute  the  energetic 
oxygen,  a  mere  mcchamcal  mixture  resulting. 

Nitrogen  is  fourteen  times  as  heavy  as  hydrogen. 

The  air  is  nearly  fourteen  and  a  half  (14.44)  times  as  heavy  as 
hydrogen.  Its  average  composition,  including  minor  constituents, 
which  will  be  referred  to  subsequently,  is  as  follows : — 

Composition  of  the  Atmosphere. 

In  ion  volumes. 


Oxygen  2U.(51 

Nitrogen  77.95 

Carbonic  acid  gas   .04 

Aqueous  vapor   1.40 

Nitric  acid   1 

Ammonia   >  traces. 

Carburetted  hydrogen   I 

Sulphuretted  hydrogen   |  traces  in 

Sulphurous  acid   J  towns. 


The  above  proportions  are  by  volume.  By  weight  there  will  be 
nearly  23  parts  of  oxygen  to  nearly  77  of  nitrogen,  oxygen  being 
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tlio  lieavier  in  tlie  ratio  of  16  to  14.  Ozone  {vide  Index)  is  also  said 
to  1)0  a  normal  constituent  of  air. 

The  comparative  inactivity  or  negative  character  of  nitrogen  in  its 
free  condition,  that  is,  when  unconibined  with  other  elements,  con- 
trasts strongly  with  its  apparent  influence  in  a  state  of  combination. 
AVhen  its  compounds  with  hydrogen  come  to  he  studied,  it  will  be 
found  to  be,  apparently,  the  chief,  or  leading,  or,  in  a  sense,  the 
most  important  element  of  those  compounds — the  ammoniacal  com- 
pounds. United  with  carbon  it  gives  the  poisonous  cyanic  sub- 
stances. AVith  oxygen  it  gives  quite  a  large  group  of  bodies, 
amongst  which  are  the  common  and  important  class  of  salts  termecl 
nitrates.  With  carbon  as  well  as  hydrogen  and  some  oxygen  it 
affords  powerful  agents  termed  alkaloids — near  relatives  of  ammo- 
nia— while  the  same  elements  otherwise  grouped,  with  sometimes  a 
little  sulphur  or  phosphorus,  form  the  various  albumenoid  and  gel- 
atinoid  matters  characteristic  of  the  tissues  of  animals  and  veg- 
etables. In  a  perfect  structure  we  should  perhaps  scarcely  regard 
any  one  element  or  member  as  more  important  than  another,  still 
such  a  conclusion  almost  forces  itself  upon  us  as  we  become  ac- 
quainted with  the  chemical  history  of  combined  nitrogen. 


Source. — This  element  is  a  gas.  Its  chief  source  is  common  salt, 
more  than  half  of  which  is  chlorine. 

Preparation. — 'About  a  quarter  of  an  ounce  of  salt  and  the 
same  amount  of  black  oxide  of  manganese  are  mixed,  and 
placed  in  a  test-tube  with  sufficient  water  to  cover  them  ;  on 
adding  a  small  quantity  of  sulphuric  acid,  the  evolution  of 
chlorine  commences.  For  mode  of  collection  see  following 
paragraphs. 


CHLORINE. 


Fig.  10. 


Fig.  11. 


Preparation  of  Chlorine. 


Another  Pmeesn. — As  the  action  of  the  sul])liuric  acid  on  the  salt 
in  the  above  process  is  mainly  to  give  hydrochloric  acid,  the  latter 
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acid  (about  4  parts)  and  the  black  oxide  of  manjraneoe  (about  1  part) 
may  be  used  in  making  the  gas,  instead  of  salt,  suljihuric  acid,  and 
black  oxide  of  manganese.  This,  the  usual  process,  is  tliat  adopted 
in  the  British  and  United  States  Pharmacopoeias. 

Collection  and  Properties. — Chlorine  is  a  most  sufTocating  gas. 
Great  care  must  consequently  be  observed  in  experimenting 
with  this  element.  As  soon  as  its  penetrating  odor  indicates 
that  it  is  escaping  from  the  test-tube,  the  cork  and  delivery- 
tube  (similar  to  that  used  in  making  oxygen)  should  be  fitted 
on,  and  the  gas  allowed  to  pass  to  the  bottom  of  another  test- 
tube  containing  water  (Fig  10).  When  thirty  or  forty  .small 
bubbles  have  passed,  their  evolution  being  as.sisted  by  slightly 
heating  the  generating-tube,  the  latter  should  be  removed  to 
the  cupboard  usually  provided  in  laboratories  for  performing 
opei'ations  with  noxious  gases,  or  dismounted,  and  the  con- 
tents washed  away.  The  water  in  the  collecting-tube  will  now 
be  found  to  smell  of  the  gas,  chlorine  being,  in  fact,  soluble  in 
about  half  its  bulk  of  water.  Chlorine-water  is  official*  in 
the  United  States  Pharmacopoeia  (^Aqua  Cltlori,  U.  S.  P.). 

Larger  quantities  may  be  made  from  hydrochloric  acid  and  black 
oxide  of  manganese  (about  4  parts  to  1)  in  a  Florence  flask,  fitted 
with  a  delivery-tube,  the  flask  being  supported  over  a  flame  hy  the 
ring  of  a  retort-stand  or  any  similar  mechanical  contrivance  (Fig. 
II).  A  piece  of  cardboard  on  the  neck  of  the  collecting-bottle,  as 
indicated  in  the  figure,  retards  diffusion  of  the  gas  from  the  bottle 
during  collection  of  the  gas. 

Mem. — Flasks  and  similar  glass  vessels  are  less  liable  to  fracture 
if  protected  from  the  direct  action  of  the  flame  l)y  being  placed  on 
a  piece  of  wire  gauze  3  to  4  inches  square,  or  on  a  sand-bath,  that 
is,  a  saucer-shaped  tray  of  sheet  iron,  on  which  a  tliin  layer  of  sand 
is  placed. 


*  The  Pharmacopoeia  and  all  in  it  are  official  [office,  Fr.,  from  L. 
nffi'Mcm,  an  office).  There  are  many  things  whicli  in  pharmacy  are 
officinal  (Fr.,  from  L.  nfficina,  a  shop)  but  not  official.  To  restrict  the 
word  officinal  to  the  contents  of  a  pharmacist's  shop  and  to  that  por- 
tion of  the  contents  which  is  PharmacopaMal,  is  radically  wrong,  and 
should  be  avoided.  "An  official  fornnda  is  one  given  under  autliority. 
An  officinal  formula  is  one  made  in  obedience  to  the  customary  usage 
of  the  shop  {(fficiua).  To  state  tiiat  any  preparation  under  the  sanc- 
tion of  the  Pharmacopoeia  is  officinal,  is  a  misapprehension  of  tlie 
meaning  of  the  word." — /.  Broiu/h. 

That  is  official  which  emanates  from  a  recognized  autliority.  That 
is  officinal  which  is  issued  from  an  officina  or  worksluip  — Joseph  fiicc. 

■ilffidal  writings  and  orders  are  those  issued  by  official  persons. 
Offidiial  articles"  are  such  as  are  found  in  a  sliop. — J.  F.  SlanJ'ord, 
M.A.,  F.R.^\ 
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Tlie  Vapor  Chlori,  B.  P.,  or  Inlialation  of  Chlorine,  is  simply 
moist  chloriiuitod  lime  so  placed  that  some  of  the  chlorine  given  ort" 
may  he  inhaled. 

Durinii  these  niani])ulations  the  operator  will  have  noticed  that 
chlorine'^is  of  a  lifjht-a;reen  color.  That  tint  is  readily  ohserved 
when  the  gas  is  collected  in  large  vessels.  As  it  is  soluhle  in  water 
(2J  vols,  in  1  vol.  at  ()()"  F.),  it  cannot  be  economically  stored  over 
that  liquid.  Being,  however,  nearly  twice  and  a  half  as  heavy  as 
air,  it  may  be  collected  by  simply  allowing  the  delivery-tuba  to  pass 
to  the  bottom  of  the  test-tube  or  dry  bottle  (Fig.  11).  ■ 

The  distinctive  property  of  chlorine  is  its  bleaching  power. 
Prepare  some  colored  liquid  by  placing  a  few  chips  of  logwood 
or  other  dyeing  material  in  a  test-tube  half  full  of  hot  water. 
Pour  off  some  of  this  red  decoction  into  another  tube  and  add 
a  few  drops  of  the  chlorine-water;  the  red  color  is  rapidly 
destroyed. 

Chlorine  readily  decomposes  offensive  effluvia ;  it  is  one  of  the 
most  powerful  of  the  deodorizers.  It  also  decomposes  putrid  and 
infectious  matter ;  it  is  one  of  the  best  of  disiiifectants.  {Antisep- 
tics are  substances  which  prevent  putrefaction.    See  Index.) 

Combination  of  Ilydrnqon  with  Chlorine,  forming  Ht/rlro- 
chlovic  Acid. — If  an  opportunity  occurs  of  generating  the  gas 
in  a  closed  chamber  or  in  the  open  air,  a  test-tube,  of  the  same 
size  as  one  of  those  in  which  hydrogen  has  been  retained  from 
a  previous  operation,  is  filled  with  the  gas.  The  hydrogen 
tube  is  then  inverted  over  that  containing  the  chlorine,  the 
mouths  being  kept  together  by  encircling  them  with  a  finger. 
After  the  gases  have  mixed,  the  mouths  of  the  tubes  are 
quickly  in  succession  brought  near  a  flame,  when  explosion 
occurs,  and  fumes  of  a  compound  of  hydrochloric  acid  with 
the  moisture  of  the  air  are  formed.  The  Hydrochloric  Acid 
of  Pharmacy  {Acidnm  Ihjdrochlorivmn,  U.  S.  P.)  is  a  solution 
of  the  gas  (made  in  a  more  economical  way)  in  water. 

The  foregoing  experiment  affords  evidence  of  the  powerful  affinity 
of  chlorine  and  hydrogen  for  each  other.  Chlorine  dissolved  in 
water  will,  in  sunlight,  slowly  remove  hydrogen  from  some  of  the 
water  and  liberate  oxygen.  The  bleaching  power  of  chlorine  is 
generally  refi;rred  to  this  oxidizing  effect  which  it  produces  in  pres- 
ence of  wat(!r;  for  dry  chlorine  does  not  bleacli. 

Densiii/. — Chlorine  is  thirty-five  and  a  half  times  as  heavy  as 
hydrogen.    A  wine  bottle  would  hold  about  3;")^  grains. 
3« 
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SULPHUR,  CARBON,  IODINE. 

The  physical  properiies  of  these  elements  (color,  hardness,  weight, 
etc.)  are  familiar.  Their  leading  clieinical  characters  will  also  be 
understood  when  a  few  facts  concerning  each  are  made  the  subject 
of  expei'iment. 

Sulphur. — Burn  a  .small  piece  of  sulphur  ;  a  penetrating 
odor  is  produced,  due  to  the  formation  of  a  colorless  gas,  the 
same  as  that  formed  on  igniting  a  sulphur-tipped  lucifer  match. 

This  product  is  a  perfectly  definite  chemical  compound  of  the  oxy- 
gon of  the  air  with  the  sulphur.  It  is  termed  suiphurouj  anhydride 
or  sulphurous  acid  gas. 

Carbon  is  familiar  in  the  forms  of  soot,  coke,  charcoal, 
graphite  (or  plumbago,  popularly  termed  blacklead),  and  dia- 
mond. The  presence  of  carbon  in  wood,  and  in  other  vege- 
table and  animal  matter,  is  at  once  rendered  evident  by  heat. 
Place  a  little  tartaric  acid  on  the  end  of  a  knife  in  a  flame ; 
the  blackening  that  occurs  is  due  to  the  separation  of  carbon. 
The  black  matter  at  the  extremity  of  a  piece  of  half-burned 
wood  is  also  carbon. 

Carbon,  like  hydrogen,  phosphorus,  and  sulphur,  ha.s  a  great 
affinity  for  oxygen  at  high  temperatures.  A  striking  evidence  of 
that  affinity  is  the  evolution  of  sufficient  heat  to  make  the  materials 
concerned  red  or  even  white  hot.  When  ignited  in  the  dilute  oxy- 
gen of  the  air,  carl)on  simply  burns  with  a  moderate  glow,  as  seen 
in  an  ordinary  coke  or  charcoal  fire,  1)ut  when  ignited  in  pure  oxy- 
gen, the  intensity  of  its  combination  is  greatly  exalted.  The  prod- 
uct of  the  combination  of  the  two  elements,  if  the  oxygen  be  in 
excess,  is  an  invisible  gaseous  body  termed  carbonic  acid  gas ;  if 
the  carbon  be  in  excess,  another  invisible  gas  termed  carbonic  oxide 
results. 

Iodine. — A  prominent  chemical  characteristic  of  iodine  is 
its  great  affinity  for  metals.  Place  a  piece  of  iodine,  about 
the  size  of  a  pea,  in  a  test-tube  with  a  small  quantity  of  water, 
and  add  a  few  iron-filings  or  small  nails.  On  gently  warming 
this  mechanical  mixture,  or  even  shaking  if  longer  time  be 
allowed, .  the  color  and  odor  of  the  iodine  disappear :  it  has 
chemically  combined  with  the  iron  :  a  chemical  compound  has 
been  produced.  If  the  solution  be  filtered,  a  clear  aqueous 
solution  of  the  compound  of  the  two  elements  is  obtained. 

This  compound  is  an  iodide  of  iron.  Its  solution,  made  as  above, 
and  mixed  with  sugar,  forms,  M'hon  of  a  strength  of  10  per  cent.,  the 
ordinary  Syrup  of  Iodide  of  Iron  of  iiharmacy  {Si/riip}is  Fcrri  Fodidi, 
y.  S.  P.).    A  strong  solution  mixed  with  sugar,  glycyrrhi/.a,  gum, 
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etc.,  constitutes  the  corresponding  Pill  {Pilnlce  Ferri  lodidi,  U.  S. 
P.).  The  solid  iodide  {Ferri  lodidiwi,  B.  P.)  is  obtained  on  remov- 
ing the  water  of  the  above  solution  by  evaporation. 

Sulphur  and  Iron,  also,  when  very  strongly  heated,  chemicaUi/ 
combine  to  form  a  substance  which  has  none  of  the  properties  of  a 
mixture  of  sulphur  and  iron — that  is,  has  none  of  the  characters  of 
sulphur  and  none  of  iron,  but  new  properties  altogether.  The  prod- 
uct is  termed  Sulphide  of  Iron.  Its  manufacture  and  uses  will  be 
alluded  to  in  treating  of  the  compounds  of  iron ;  it  is  mentioned 
liore  as  a  simple  but  striking  illustration  of  the  difference  between  a 
chemical  compound  and  a  mechanical  mixlure. 
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From  the  foregoing  statements  a  general  idea  will  have  been  ob- 
tained of  the  nature  of  several  of  the  naore  frequently  occurring 
elements.  Some  additional  facts  concerning  them  may  be  gathered 
from  the  following  Table,  which  gives  the  name  in  full,  the  symbol 
(or  short-hand  character)*  of  the  name,  and  its  origin. 

For  the  purposes  of  study  the  elements  may  bo  divided  into  three 
classes — viz.,  those  frequently  used  in  pharmacy,  those  seldom,  and 
those  never  used. 


Niimo. 


Oxygen 


Hydrogen 


Nitrogen 


Carbon  . 
Chlorine 

Iodine  . 


Sulphur 


Phosphorus 


Symbol. 


o 

H 

N 

C 
CI 

I 

S 


Derivation  of  Nome. 


From  ofi/;-  (oxus),  arid,  and  yiveaic  (gen- 
esis), generation,  i.  e.,  generator  of  acids.  It 
was  supposed  to  enter  into  the  composition 
of  all  acids  when  first  discovered. 

From  iiScjp  (luidor),  water,  and  yheG'c 
(genesis),  (jeneralioii,  in  allusion  to  the 
product  of  its  combination  in  air. 

From  viTfmv  (niti'on),  and  }£iieai(;  (genesis), 
generator  of  nitre. 

From  carbo,  coal,  which  is  chiefly  carbon. 

From  x^<^poc  (chloros),  (/cet'M,  the  color  of 
this  element. 

From  liiv  (ion),  a  violet,  and  slSoc  (eidos), 
likenegx,  in  relerence  to  the  color  of  ils 
vapor. 

From  sal,  a  ^rdt,  and  rrv/)  (pur),  fire,  in- 
dicating its  condnistilile  qualities.  Its  com- 
mon name,  brimaloiie,  has  the  same  meaning, 
being  the  slightly  altered  Saxon  word  bryn- 
Klone,  i.  c.,  burnstone. 

ipf'-K  (phos).  light;  and  ^(peiv  (pherein),  to 
hear.  The  light  it  emits  may  be  seen  on 
exposing  it  in  a  dark  room. 


*  The  .symbol  is  also  much  more  than  the  short  hand  character,  as 
will  be  jjresently  aj)parent. 
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Nonie. 


Potassium 
(Kalium.) 


Sodium     .  . 
(Natrium.) 


Ammonium 


Barium 


Calcium  . 
Maffnesium 


Iron  .  .  .  . 
(Ferrum.) 

Aluminium  . 


Zinc  .  .  . 
Arsenicum 


Antimony 
(Stibium.) 


Copper  .  .  . 
(Ciipnim.) 


Symbol, 


K 


Na 


Am 
(NH,) 


Ba 


Ca 
Mg 


Fe 
Al 

Zn 

As 

Sb 


Cu 


Derivation  of  Name. 


Kalium,  from  kali,  Arabic  for  agJies.  Man- 
ufactoi'ies  in  wliicli  certain  compounds  of 
potiLssium  and  allied  sodium  salts  are  made 
are  called  a/^a/(-works  to  tbis  day.  Polua- 
shim,-  from  pol-ash;  so  called  because  ob- 
tained by  evaporating  the  lixivium  of  wood- 
asbes  in  jjots.  From  sucli  ashes  the  element 
was  first  obtained,  hence  the  name. 

ISatri'um,  i'rora  ntiiron,  the  old  name  for 
certain  natural  deposits  of  carbonate  of 
sodium.  Sodimn,  ironi  nodu-ask  or  so(Z-r/sA, 
the  residue  of  the  combustion  of  masses  or 
sods  of  marine  plants.  These  were  the 
sources  of  the  metal. 

This  body  is  not  an  element;  but  its 
components  exist  in  all  anmioniacal  salts, 
and  api)arently  play  the  part  of  such  el- 
ements as  potassium  and  sodium.  Sal 
ammoniac  (ehlin-ide  of  ammonium)  was 
first  obtained  from  near  the  temple  of  Ju- 
piter Amnion  in  Libya ;  hence  the  name. 

Fi'om  jiaphc;  (barus),  heavy,  in  allusion  to 
the  high  specific  gravity  of  "  heavy  spar," 
the  most  conmion  of  the  barium  minerals. 

Calx,  lime,  the  oxide  of  calcium. 

From  3I(ignesia,  the  name  of  the  town  (in 
Asia  Minor)  near  which  the  substance  now 
called  "native  carbonate  of  magnesia"  was 
first  discovered. 

The  spelling  is  from  the  Saxon  treii,  the 
pronunciation  probably  from  the  kindred 
Gothic  "tarn;"  the  derivation  is  Aryan;  it 
probably  originally  meant  metal. 

Tiie  metallic  basis  of  alum  was  at  first 
confounded  with  that  of  sulphate  of  iron, 
which  w:is  the  alum  of  the  Romans,  and 
was  so  called  in  allusion  to  its  tonic  prop- 
erties, from  alo,  to  nourish. 

From  Ger.  zinn,  tin,  with  which  zinc 
seems  at  first  to  have  been  confounded. 

'AfiaeviKnv  (arsenikon),  the  Greek  name  for 
orpiment,  a  sulphide  of  arsenicum.  Common 
white  arsenic  is  an  oxide  of  arsenicum. 

SW,3i  (stibi),  or  ariiiiii  (stinimi),  was  the 
Greek  name  for  the  native  sulpliide  of  an- 
timony. The  word  antimony  is  said  to  be 
derived  from  hvr'i  (anti,  against),  and  moine, 
French  for  monk,  from  tlie  fact  that  certain 
monks  were  poisoned  by  it. 

From  (.'jipnm,  the  Mediterranean  island 
wlierc  tills  metal  was  first  worked. 
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Name. 

Symbol. 

Peiiviiticiii  of  Name. 

(Plumbum.) 

Mercury  .... 
( Hydrargyrum.) 

(Argentum.) 

Pb 
Ilg 

Ag 

The  Latin  word  is  expressive  of  "some- 
thing heavy,"  and  the  Siixon  Iced  has  a 
similar  signification. 

]-Jydrar(/yruin,  I'rom  in^up  (hudor),  water, 
and  d/iyu/jof  (arguros),  nilver,  in  allusion  to 
its  liquid  and  lustrous  characters.  Mercury, 
after  the  messenger  of  the  gods,  on  account 
ot  its  susceptibility  of  motion.  Ihe  old 
name  quie.ksih'er  also  indicates  its  ready 
mobility  and  argentine  appearance. 

'Ap}vpnc  (arguros),  silver,  from  npyuc  (ar- 
gos),  luhiie.  Words  resembling  the  term 
silver  occur  in  several  languages,  and  indi- 
cate a  white  appearance. 

The  following  are  the  names  of  some  of  the  less  freqiiently 
occurring  elements,  compounds  of  which,  however,  are  alluded 
to  in  the  British  and  U.  S.  Pharmacopoeias,  or  met  with  in 
pharmacy. 

Name. 

Symbol. 

Deiivation  of  Name. 

Bromine  .... 
Fluorine  .... 

Silicon  

Lithium  .... 

Strontium    .  .  . 
Chromium    .  .  . 

Br 
Fl 

B 

Si 
L 

Sr 

Ce 
Cr 

From  jSpufinc  (bromos),  a  slink.  It  has  an 
intolerable  odor. 

From  fluo,  to  flouK  Fluoride  of  calcium, 
its  source,  is  commonly  used  as  a  flux  in 
metallurgic  operations. 

From  borax,  or  baurak,  the  Arabic  name 
of  borax,  the  substance  from  which  the  el- 
ement was  first  obtained. 

From  silex,  Latin  {ov  flint,  which  is  nearly 
all  silica  (an  oxide  of  silicon). 

From  AiOe/oc  (litheios),  stony,  in  allvsion 
to  its  supposed  existence  in  the  mineral 
kingdom  only. 

This  name  is  commemorative  of  i^^;-o)i?/f(r?., 
a  mining  village  in  Argyleshire,  Scotland, 
in  the  neighborhood  of  wliicli  the  mineral 
known  as  stronlianile  or  carbonate  of  stron- 
tium was  first  found. 

Discovered  in  1803.  and  named  after  the 
planet  (Jeref,  which  was  discovered  on  .Jan. 
1,  1801.  The  oxalate  of  cerium  is  ofKcial, 
but  seldom  used. 

From  ,T/'^)/'"  (chroma),  rnlnr,  in  allnsion  to 
1  the  characteristic  ajjpearaiice  of  its  .sails. 
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Name. 


Manganese  . 


Cobalt 


Nickel 


Symbol. 


Mn 


Co 


Tin  (Stannum) 


Gold  (Aur urn)  . 


Platinum 


Bismuth  . 


Cadmium 


Sn 


Au 


Pt 


Bi 


Cd 


Derivatiuii  of  Name. 


Probably  a  mere  hansposition  and  rej)- 
etition  of  most  of  the  letters  of  the  word 
mcujnemi,  with  whose  compounds  tliose  of 
manganese  were  confounded  till  the  year 
1740. 

Oibalus  or  Kobold  was  the  name  of  a  de- 
mon supposed  to  inhabit  the  mines  of  Ger- 
many. The  ores  of  cobalt  were  formerly  ' 
troublesome  to  the  German  miners,  and 
hence  received  the  name  their  metallic 
radical  now  bears. 

JSlckd,  from  nil,  is  a  popular  German 
term  for  imrthlens.  The  mineral  now  known 
as  nickel  ore  was  formerly  called  by  the 
Germans  KapfeniicArl,  false,  copper,  on  ac- 
count of  its  resemblance  to  copper  (Ktipfer) 
ore.  When  a  new  metallic  element  was 
found  in  the  ore,  the  name  nickel  was  i-e- 
tained. 

Both  words  are  possibly  corruptions  of 
the  old  British  word  .sia-jn,  or  the  Saxon 
word  utan,  a  stone.  Tin  was  first  discovered 
in  Cornwall,  and  the  ore  (an  oxide)  is  called 
timlmie  to  the  present  day. 

Aitruin  (Latin),  from  a  Hebrew  word  sig- 
nifying the  color  of  fire. 

Gold.  A  similar  word  is  expressive  of 
bright  yellow  in  several  old  languages. 

From  platiiui  (Spanish),  diminutive  of 
plaia,  silver.  It  somewhat  resembles  silver 
in  aj)pearance,  but  is  less  white  and  lus- 
trous. 

Slightly  altered  from  the  German  TT'^i-s- 
vwih,  derived  from  Wiexcmulie,  "a  beautiful 
meadow,"  a  name  given  to  it  originally  by 
the  old  miners  in  allusion  to  the  prettily 
variegated  tints  presented  by  the  frexhly 
exposed  surface  of  this  crystalline  metal. 

Kai^fteii  (Kadmeia),  was  the  ancient  name 
of  calamine  (carbonate  of  zinc),  with  which 
carbonate  of  cadmium  was  long  confounded, 
the  two  often  occurring  together. 


Gold,  Platinum,  Tin,  and  Silicon  are  classed  with  tlie  less  import- 
ant elements,  l)ecauso  their  salts  arc  seldom  used  in  pharmacy. 

It  will  be  noticed  that  the  symbol  of  an  elouuint  is  simply  tlie  first 
letter  of  its  Latin  name,  which  is  generally  the  same  as  in  the  En/i;- 
lish.  Where  two  names  begin  with  the  same  letter,  the  less  import- 
ant has  an  additional  letter  added. 
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QUESTIONS  AND  EXERCISES. 

1.  Of  how  many  elements  i.s  terrestrial  matter  composed? 

2.  In  what  state  do  the  elements  occur  in  nature? 

ii.  Distinguisii  between  the  art  and  the  science  of  chemistry. 

4.  \\'hat  is  the  dill'erence  between  an  clement  and  a  compound? 

5.  10nun\erate  the  chiiif  non-metallic  elements. 

G.  Describe  a  process  for  the  preparation  of  o.xygen. 

7.  How  are  gases  usually  stored? 

8.  Mention  the  chief  properties  of  oxygen. 

9.  What  is  the  source  of  animal  warmth? 

10.  State  the  proportion  of  oxygen  in  air. 

11.  Is  the  proportion  constant,  and  why? 

12.  Give  a  method  for  the  elimination  of  hydrogen  from  water. 

13.  State  the  properties  of  hydrogen. 

14.  Why  is  a  mixture  of  hydrogen  and  air  explosive? 

15.  Explain  the  effects  producible  by  the  ignition  of  large  quan- 
tities of  coal-gas  and  air. 

16.  What  is  the  nature  of  combustion  ? 

17.  Define  a  combustible  and  a  supporter  of  combustion. 

18.  Describe  the  structure  of  flame. 

19.  State  the  principle  of  the  Davy  safety-lamp. 

20.  To  what  extent  is  hydrogen  lighter  than  oxygen? 

21.  What  do  you  mean  by  dijf'tisioii  of  gases? 

22.  State  Graham's  law  concerning  difi'usion. 

23.  Name  the  source  of  phosphorus,  and  give  its  characters. 

24.  Why  does  phosphorus  burn  in  air? 

25.  What  remains  when  ignited  phosphorus  has  removed  all  the 
oxygen  from  a  confined  portion  of  air? 

26.  Mention  the  properties  of  nitrogen. 

27.  What  office  is  fulfilled  by  the  nitrogen  of  air? 

28.  State  the  proportions  of  the  chief  constituents  of  air. 

29.  Mention  the  minor  or  occasional  constituents  of  air. 

30.  What  is  the  proportion  by  weight  of  nitrogen  to  oxygen  in 
the  atmosphere? 

31.  Give  the  specific  gravity  of  nitrogen. 

32.  How  is  chlorine  prepared? 

33.  Enumerate  the  properties  of  chlorine. 

34.  Define  the  terms  deodorize)'  and  disinfectant. 

35.  Explain  the  bleaching  effect  of  chlorine. 

36.  What  projjortion  of  hydrogen  to  chlorine  is  necessary  for  the 
formation  of  hydro('hI<)ric  acid  gas? 

37.  State  the  jjroniinent  physical  and  chemical  characters  of 
sulphur. 

38.  State  the  prominent  characters  of  carbon. 

39.  State  the  prominent  characters  ()f  iodine. 

40.  Give  the  derivations  of  the  names  of  some  of  the  elements. 

41.  AVhat  arc  the  symbols  of  oxygen,  hydrogen,  nitrogen,  carbon, 
chlorine,  iodine,  sulphur,  phosphorus? 
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The  Learner  is  recommended  to  read  the  following  para- 
graphs ON  THE  General  Principles  of  Chemical  Philosophy 

CAREFULLY  ONCE  OR  TWICE,  THEN  TO.  STUDY  (EXPERIMENTALLY,  IF 
possible)    the    SUCCEEDING    PAGES,    RETURNING    TO    AND  READING 

OVER  THE  General  Principles  from  time  to  time  until  they 

ARE  THOROUGHLY  COMPREHENDED. 


THE  GENERAL  PRINCIPLES  OF  CHEMICAL 
PHILOSOPHY. 


Definition  op  Chemical  Action. 
The  le.arner  may  now  proceed  to  study  the  manner  in  which  sul> 
stances  act  chemically  on  each  other.  By  acting  chemically  it  will 
be  obvious,  from  the  preceding  experiments,  that  what  is  meant  is 
so  affecting  each  other  that  the  snhstances  are  greatly  altered  in  j?rop- 
erties.  A  mixture  of  oxygen  and  hydrogen  is  still  a  gas ;  a  chem- 
ical compound  of  oxygen  and  hydrogen  is  a  liquid,  namely,  water ; 
here  is  a  great  alteration  in  leading  properties.  Iodine  is  only 
slightly  soluble  in  water,  and  forms  a  brown-colored  solution,  and 
iron  is  insoluble  ;  but  when  iodine  and  iron  are  chemically  combined, 
the  product  is  very  soluble  in  water,  forming  a  light-green  solution 
in  which  the  eye  can  detect  neither  iodine  nor  iron,  and  which  is 
utterly  unlike  iron  or  iodine  in  any  one  of  their  properties.  Sand, 
sugar,  and  butter  rubbed  together  form  a  mere  mixture,  from  which 
water  would  extract  the  sugar,  and  ether  dissolve  out  the  butter, 
leaving  the  sand.  Tartaric  acid,  carbonate  of  sodium,  and  water 
added  to  each  other,  form  a  chemical  comjmund,  containing  neither 
tartaric  acid  nor  carbonate  of  sodium,  these  bodies  having  attacked 
each  other  and  formed  fresh  combinations.  These  illustrations  show 
that  chemical  action  is  distinguished  from  all  other  actions  liy  {n) 
producing  an  entire  change  of  properties  in  the  bodies  on  which  it 
is  exerted.  Chemical  action  is  further  distinguished  by  {b)  the  fact 
that  it  only  takes  place  between  definite  weights  and  volumes  of 
matter.  This  {a  and  h)  cannot  be  said  of  any  other  action — the 
action  of  any  of  the  other  great  forces  of  nature  (gravitation,  heat, 
light,  electricity,  etc.)  ;  hence  the  statements  {a  and  h)  furnish  a 
sharp  and  precise  definition  of  chemical  action  or  the  chemical  force, 
the  force  whose  manifestations  the  reader  of  this  book,  or  of  any 
other  manual  of  chemistry;  is  studying. 

Atoms. 

In  a  chemical  compound,  what  has  become  of  the  constituents? 
Let  the  reader  place  before  him  specimens  of  sulphur,  iron,  and 
sulphide  of  iron;  or  iodine,  iron,  solid  iodide  of  iron  and  its  solu- 
tion in  water  or  syrup  {Syrupus  Ferri  Jodidi,  D.  S.  P.).  In  the  sul- 
phide of  iron  what  has  become  of  the  sulphur  and  of  the  iron  from 
which  it  was  made?  The  mixture  of  sulphur  and  iron  in  comhinivg 
to  form  sulphide  of  iron  has  not  lost  weight,  and,  indeed,  l)y  certain 
processes  it  is  possible  to  recover  its  sulphur  as  sulphur,  and  its  iron 
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as  iron ;  so  that  wo  are  compelled  to  believe,  wc  cannot  avoid  the 
conclusion,  that  sulphide  of  iron  contains  particles  of  sulphur  and  of 
iron.  But  how  small  must  be  those  particles !  liub  a  minute  frag- 
ment to  dust  in  a  mortar  and  place  a  trace  of  the  powder  under  the 
hin-h"st  power  of  the  best  microscope;  no  yellow  particle  is  visible, 
not  tlic  minutest  portion  of  lustrous  metal,  but  dull-brown  miniature 
fragments  of  the  original  mass.  The  elementary  particles  of  sul- 
phur and  iron,  or  of  the  elements  in  any  other  compound  (the  chlo- 
-rine  and  sodium  in  common  salt  or  the  iodine  and  iron  in  solution 
of  iodide  of  iron),  are,  in  short,  too  small  to  be  seen.  Can  they  be 
inmgincd?  Again,  no.  The  mind  cannot  conceive  of  a  particle  of 
anything  (sulphur,  iron,  sulphide  of  iron,  or  what  not)  so  small  but 
what  the  next  instant  the  imagination  has  divided  it.  Yet  learner 
and  teacher  must  have  some  common  platform  on  which  to  reason 
and  converse.  The  difficulty  is  met  by  speakin<r  of  these  inconceiv- 
ably small  particles  as  atoms  (arouog,  aiomos,  invisible ;  from  the 
privative  a  and  refivu,  temiio,  to  cut — -that  which  is  not  cut  or  divided), 
an  expedient  suggested  by  our  countryman  Dalton  at  the  commence- 
ment of  the  present  century.  It  is  an  expedient  not  perhaps  alto- 
gether satisfactory,  but  is  the  only  one  passible  to  the  majority  of 
minds  in  the  present  state  of  knowledge  and  education.  We  caunoh 
speak  of  iodine  and  iron  uniting  lump  to  lump,  as  two  brick"-  are 
cemented  together  or  blocks  of  wood  glued  together,  for  such  is  not 
the  kind  of  action.  We  cannot  select  a  minute  fragment  of  each  to 
regard  as  the  combining  portions,  for  the  minutest  fragment  we  cou'd 
obtain  is  visible,  and  iodide  of  iron  contains  neither  visible  iodine 
nor  visible  iron.  And  yet  iodide  of  iron  contains  both  iodine  and 
iron,  or,  at  least,  a  given  weight  of  the  compound  is  obtained  from 
the  same  weight  of  the  constituents,  and  the  same  weight  of  con- 
stituents is  obtainable  from  an  equal  weight  of  the  compound.  We 
might  say  that  molecules  are  concerned  in  the  operation,  but  mole- 
cules means  little  masses  of — -of  what?  there  is  positively  no  word 
left  with  which  to  carry  on  conversation  and'  description  hnt  atoms. 
Any  other  mode  of  treating  the  matter  is  too  subjective  for  general 
employment.  Moreover,  any  difficulty  in  forming  a  definite  concep- 
tion of  an  atom  is  met  by  regarding  an  atom,  not  necessarily  as- 
something  which  cannot  be  divided,  but  as  "  a  particle  of  matter 
which  undergoes  no  further  division  in  chemical  metamorphoses''^ 
(Kekule).  Even  physicists  regard  atoms  from  much  the  same  point 
of  view ;  indeed  they  often  speak  of  still  larger  portions  of  matter 
(molecules)  as  atoms,  meaning  thereby  "  something  which  is  not  di- 
vided i/i  certain  cases  that  we  are  considering"  (Clifford). 

The  Chemical  Force. 

What  power  binds  the  atoms  of  a  chemical  compound  together  in 
such  marvellous  closeness  of  union  that  in  the  couple  or  group  they 
lose  all  individuality?  Clearly  an  attractive  force  of  enormous 
power,  a  force  remot(!ly  reseml)ling,  perhaps,  that  which  attracts  a 
piece  of  iron  to  a  magnet.  Only  liy  such  an  assumption  can  we 
conceive  that  common  salt  Cf)ntains  chlorine  and  a  metal  (sodium), 
or  that  wood  contains  carbon,  hydrogen,  and  oxygen.  Were  not 
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this  force  thus  all-powerful,  the  carbon  in  wood  would  show  its 
blackness  and  other  qualities,  and  the  hydrogen  and  oxygen  give 
indications  of  their  gaseous  and  other  characters.  This  attractive 
force  is  commonly  termed  the  chemical  force,  sometimes  chemical 
qffinitij.  The  woi'd  chcmiam.  has  also  been  proposed  for  it,  just  as 
the  magnetic  force  is  termed  magnetism,  but  has  not  been  gene- 
rally adopted. 

Molecui.es. 

A  free,  uncombined  atom  probably  cannot  exist  in  a  state  of  iso- 
lation, at  common  temperatures,  for  any  appreciable  length  of  time. 
For  we  must  regard  an  atom  as  the  home  of  an  attractive  force  of 
great  intensity,  and  the  moment  such  an  atom  is  liberated  from  a 
state  of  combination  (say  hydrogen  from  water,  or  chlorine  from 
salt) — it  finds  itself  in  proximity  to  another  atom  having  similar 
desires  for  union,  so  to  speak;  the  result  is  an  impetuous  rushing 
together  and  formation  of  either  couples,  trios,  or  groups,  according 
to  the  nature  of  the  atoms.  It  would  be  as  diflicult  to  conceive  of 
separate  atoms  as  to  imagine  that  a  strong  magnet  and  a  piece  of 
steel  could  be  suspended  close  to  each  other  -without  being  drawn 
together.  It  is,  doubtless,  possible  to  keep  some  pairs  of  atoms 
apart  by  the  aid  of  heat,  just  as  the  magnet  and  steel  may  be  parted 
by  a  superior  amount  of  force,  but  such  a  condition  of  things  is 
probably  abnoruuil.  These  pairs  and  other  groups  of  atoms  are 
conveniently  designated  by  the  one  word  molecule,  the  diminutive 
of  mole,  a  mass  ;  literally  little  masses.  Dissimilar,  kinds  of  atoms 
seem  to  have  greater  attraction  for  each  other  than  similar  kinds ; 
for,  first,  the  masses  of  matter  met  with  in  nature  in  the  great  ma- 
jority of  cases  contain  two  or  moi'e  dissimilar  elements ;  and,  sec- 
ondly, at  the  moment  certain  elements  ai"e  liljerated  from  their  com- 
bination, they  ai-e  very  specially  active  in  combining  with  other, 
dift'ercnt,  elements ;  that  is  to  say,  the  chances  are  not  equal  that 
the  liberated  elements  .will  either  retain  their  elementary  condition 
or  combine  to  form  compounds,  liut  the  cases  in  which  comj)Ounds 
are  formed  are  actually  in  great  majority. 

RECAriTULATION. 

It  is  desirable  that  the  learner  should  here  make  some  experi- 
ment which  will  serve  to  bring  again  under  notice  in  an  applied  or 
concrete  form  what  has  just  been  stated  respecting  the  substances 
termed  chemical  compounds,  and  concerning  the  character  of  that 
chemical  force  which  resides  in  the  atoms  of  molecules.  The  follow- 
ing will  usefully  serve  this  purpose  ;  it  is  the  process  for  detecting 
a  trace  of  sulphurous  acid  in  common  liquid  hydrochloric  acid. 

As  already  proved,  hydrogen  gas  and  chlorine  gas,  when' 
united,  form  hydrochloric  acid  gas:  the  latter  dii<.-*olved  in 
water  is  the  ordinary  liquid  of  the  shops  termed  Ili/drorhloric 
Acid,  the  Acidum  Jljjdrochloricinn  or  MuriuHcum  of  Pharma- 
copoeias. Commercial  samples  of  this  liquid  not  unfrequently 
contain  as  an  impurity  a  trace  of  sulphurous  acid  gas,  a  body 
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also  already  mentioned  and  experimentally  prepared — a  trace 
too  small  to  be  detected  by  its  odor.  Obtain  a  specimen  of 
common  liquid  hydrochloric  acid  containing  as  an  impurity  a 
trace  of  sulphurous  acid,  or  adopt  the  more  simple  course  of 
purposely  adding  a  few  drops  of  aqueous  solution  of  sulphur- 
ous acid  (Acidnm  Sii/jihitrasain,'^  U.  8.  P.)  to  some  hydro- 
chloric acid.  (If  no  sulphurous  acid  is  at  hand,  the  object 
may  be  accomplished  by  pouring  a  (juarter  or  half  an  ounce 
of  liquid  hydrochloric  acid  into  a  wide-mouthed  bottje,  then 
burning  a  fragment  of  sulphur  on  a  wire  or  strip  of  wood  in- 
side the  bottle  for  a  few  seconds,  and  shaking  the  gas  and  liquid 
together.)  Pour  some  of  the  impure  liquid  hydrochloric  acid 
into  a  test-tube,  add  about  an  equal  bvilk  of  water,  and  then 
drop  in  some  fragments  of  the  metal  zinc.  Effervescence  will 
occur,  due  to  the  escape  of  inodorous  hydrogen  gas,  together 
with  a  small  quantity  of  a  badly-smelling  gas,  termed  sulphur- 
etted hydrogen  gas.  Bring  the  mouth  of  the  tube  under  the 
nose  ;  the  presence  of  sulphuretted  hydrogen  will  at  once  be 
recognized. 

The  hydrochloric  acid  has  now  been  tested  for  sulphurous  acid. 
If  the  experiment  be  performed  on  any  commercial  specimen  of  the 
acid,  and  a  smell  of  sulphuretted  hydrogen  be  observed,  the  ope- 
rator will  at  once  be  able  to  state  that  the  specimen  contains  sul- 
piiurous  acid  as  an  impurity. 

Using  Dalton's  theory  of  the  atomic  constitution  of  matter,  the 
explanation  of  what  occurs  in  the  successive  steps  of  the  foregoing 
experiment  is  as  follows : — 

Jlydrochloric  acid  is  a  chemical  compound  of  hydrogen  and  chlo- 
rine. That  it  is  a  chemical  compound,  and  not  a  mere  mechanical 
mixture  of  hydrogen  and  chlorine,  is  shown  by  the  fact  that  its- 
j)ropertic8  are  altogether  difi'erent  from  the  properties  of  its  con- 
stituents. The  attractive  power  or  c/iemical  force  resident  in  the 
atoms  of  chlorine  and  of  hydrogen  has  caused  them  to  combine  in 
the  closest  numner  imaginable  and  form  pairs  of  atoms  or  molecules 
of  the  ciieinical  conqjound — hydrochloric  acid.  Zinc  being  intro- 
du(-(Ml  into  the  acid,  and  the  atoms  of  zinc  and  chlorine  having  even 
still  greattir  attraction  for  each  other  than  the  hydrogen  for  the 
cidorino,  the  zinc  and  chlorine  atoms  combine  and  form  a  new 
molecule  (termed  chloride  of  zinc)  which  remains  in  the  liquid, 
while  the  hydrogen  atoms,  having  the  atoms  of  no  other  clement 
to  coiiihint!  with  if  the  acid  is  pure,  luiite  to  form  pairs,  or  mole- 
cules of  iiydrogcn,  and  in  that  state  cseaj)e  from  the  vessel.  Tf  the 
acid  he  inqmn^  from  the  prescMice  of  sulphurous  acid  (sulphurous 
acid  gas,  it  will  bo  remembered,  is  a  c()uq)Ound  of  sulphur  and 
oxygen),  some  of  the  hydrogen  atoms,  at  the  moment  of  their  birth, 

*  These  aqueous  solutions  of  acids  are  generally,  for  the  sake  of  brev- 
ity, simply  termed  a(tid.s. 
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their  nascent  state  (from  nasnor,  to  he  horn) — the  specially  active 
state — finding  the  atoms  of  other  elements  present,  namely,  the 
atoms  of  sulphur  and  oxygen  of  the  sulphurous  acid  molecules, 
combine  by  preference  with  these  atoms  and  form  new  molecules, 
the  sulj)hur  and  hydrogen  forming  sulphuretted  hydrogen,  and  the 
oxygen  and  hydrogen  producing  water :  the  former  escapes  witli 
the  great  bulk  of  the  hydrogen,  while  the  water  remains  with  the 
water  ah-eady  in  the  vessels. 

Note. — Ordinary  hydrogen  gas,  that  is,  hydrogen  not  in  tlio  nas- 
cent condition,  will  not  thus  attack  sulphurous  acid.  Doubtless  the 
amount,  or  extent,  of  attraction  of  two  atoms  of  hydrogen  for  one 
atom  of,  say,  the  sulphur  in  the  sulphurous  acid  molecule  is  a  con- 
stant amount,  but  the  uncombined  nascent  atoms  can,  it  is  only  fair 
to  suppose,  get  much  neai'er  to  the  attacked  molecule  than  they  can 
after  they  have  themselves  combined  to  form  a  molecule,  molecules 
(but  not  atoms)  having  an  appreciable  amount  of  space  between 
them,  as  will  be  further  shown  almost  immediately.  In  other 
words,  it  is  probably  distance  which  prevents  an  attack  which 
would  be  inevitable  at  close  quarters.  These  remarks  apply  to  all 
similar  reactions  of  other  elements. 

CoN^DITIONS  AXD  NaTURE  OF  THE  MANIFESTATION  OF  THE  CHEM- 
ICAL Force. 

The  exertion  of  chemical  affinity  is  only  possible  Avhcn  the  masses 
of  the  bodies  touch.  Thus  it  was  necessary  to  bring  the  oxygen, 
hydrogen,  phosphorus,  chlorine,  sulphur,  carbon,  iodine,  and  iron 
into  ordinary  contact,  in  the  respective  experiments  Avith  those  ele- 
ments, before  the  various  reactions  occurred.  The  exact  nature  of 
these  actions,  as  indeed  of  all  in  which  substances  act  chemically, 
would  seem  to  be  an  interchange,  most  generally  a  mutual  one.  of 
the  atoms  of  which  the  molecules  consist — -a  change  of  partners,  so 
to  speak.  Thus,  in  the  experiment  in  which  hydrogen  and  chlorine 
gases  united  to  form  hydrochloric  acid  gas,  a  pair  of  atoms  in  a  hy- 
drogen molecule,  and  a  pair  of  atoms  in  a  chlorine  molecule,  find- 
ing themselves  opposite  to  each  other,  change  places,  the  atoms  of 
each  of  the  old  molecules  unlinking,  so  to  say,  and  pairing  olf  in 
fresh  couples — as  two  l^rothers  who  for  many  years  have  been  close 
companions,  and  two  sisters  similarly  united,  thrown  freshly  into 
each  other's  society,  soon  accept  new  and  still  more  congenial  cou- 
plement. 

f  Hydrogen  ,  f  Chlorine  1  ,,„..,„„  f  Hydrogen  1  ,  f  Hydrogen  ) 
1  Hydrogen  J  """^  {  Chlorine  j  \  Cl.loriile  /  '""^  \  Chlorine  / 

Or,  using  the  symbols  of  these  elements  instead  of  the  full  names, 

H  H  and  CI  CI  become  II  CI  and  II  CI. 

Still  further  economizing  space  and  trouble,  the  same  statement 
may  be  made  in  the  following  form : — 

II2  and  CI2  become  2HC1. 

Once  more,  l)y  using  the  plus  (+)  instead  of  the  words  "and"  or 
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"  added  to,"  and  the  ti'i^n  or  symbol  -=  or  equal  instead  of  the  woi'da 
"  hcconie  "  or  "  are  equal  to,"  we  reach  the  shortest  method  of  ex- 
pressing this  chemical  action  : — 

n,,+ CI.,  =  21101. 

This  is  the  form  in  which  such  an  action  may  ho  expressed  in  the 
student's  note-book.  It  is  the  shortest  and  most  convenient  form, 
and  is  instructive  and  suggestive  to  the  mind. 

Chemical  Notation. 
Wc  have  thus  gradually  arrived  at  a  spot  in  the  path  of  chemical 
philosophy  at  which  we  must  halt  to  more  fully  discuss  the  usual 
method  of  recording  chemical  travels.  We  have  arrived  at  the  sub- 
ject of  chemical  notation  (from  noto,  I  mark),  the  art  or  practice  of 
recording  chemical  facts  by  shoi't  marks,  letters,  numbers,  or  other 
signs.  Already  the  first  capital  letter,  or  the  first  and  one  of  the 
following  small  letters  of  the  Latin  names  of  the  el-ements  have  been 
employed  as  contractions,  or  short-hand  expressions,  or  symbols  of 
the  whole  name.  Thus  11  has  ))een  used  for  the  word  "  hydrogen," 
and  CI  for  "chlorine."  A  second  function  of  such  a  symbol  is  that 
of  indicating  one  atom.  Thus  11  stands  not  only  for  the  word  or 
substance  "  hydrogen,"  but  for  one  atom  of  hydrogen.  Large  and 
small  figures  (2  or  ^  indicate  a  corresponding  number  of  atoms,  the 
small  figure  only  multiplying  the  one  particular  symbol  to  which  it 
is  attached,  while  a  larger  figure  multiplies  all  the  symbols  it  pre- 
cedes. Thus  ir,  means  two  atoms  of  hydi'ogen,  and  Clj  two  atoms 
of  chlorine ;  while  2HC1  means  two  atoms  of  hydrogen  and  two 
atoms  of  chlorine,  or,  in  one  word,  two  molecules  of  hydrochloric 
acid  gas.  A  third  function  of  such  a  symbol  as  II  or  CI  is  that  of 
indicating  one  volume  of  the  element  in  the  gaseous  state.  Thus  II, 
CI,  and  0  stand,  first,  for  the  suljstances  named  hydrogen,  chlorine, 
and  oxygen  ;  secondly,  for  single  atoms  of  hydrogen,  chlorine,  and 
oxygen.  Thirdly,  they  represent  single  and  equal  volumes  of  chlo- 
rine, hydrogen,  and  oxygen.  It  will  be  remembered  that  one  test- 
tultefui  of  hydrogen  and  an  equal  sized  test-tubeful  of  chlorine  were 
emploved  in  a  previous  experiment  in  forming  hydrochloric  acid 
gas,  IICl. 

The  position  of  symbols  counts  for  something.  Thus  HCl  indi- 
cates not  only  the  substances  hydrogen  and  chlorine,  single  atoms 
of  each  of  the  substances,  and  equal  volumes  of  each,  but  also  that 
the  two  substances  are  joined  tofjethev  by  the  chemical  force.  If  the 
two  letters  were  placed  one  under  the  other,  or  at  some  distance 
apart,  or  were  separated  by  a  comma  or  a  plus  sign  (+),  they  would 
l)e  understood  to  mean  a  mere  mixture  of  the  elements ;  but  placed 
as  close  as  the  printer's  types  will  conveniently  and  consistently 
allow,  they  must  be  considered  to  stand  for  a  compound  of  the  ele- 
ments, that  is  to  say,  hydro(;hloric  acid  gas  (IICl).  The  collection 
of  symljols  i-(?pr('S(!nting  a  nu)l(!cule  is  termed  a  J'ormida.  11.^,  CI.,, 
and  HCl  are  the  formula',  of  hydrogen,  chlorine,  and  hydrochloric 
acid  gas. 

11^  I  C1,  -2IICL 

4  * 
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Such  a  set  of  letters,  fiiriires,  and  marks  as  tliatoii  the  preccdinfj;  line 
is  collectively  termed  an  equation,  because  it  indicates  the  equality 
of  the  number  and  nature  of  the  atoms  Ijefore  and  after  chemical 
action.  On  the  left  hand  of  the  sign  of  equality  arc  shown  two 
molecules,  and  on  the  rii^Iit  hand  two  molecules ;  hut,  of  the  mole- 
cules on  the  left,  one  contains  two  atoms  of  hydrogen  and  the  other 
two  atoms  of  chlorine,  while  of  the  molecules  on  the  right  each  con- 
tains one  atom  of  hydrogen  and  one  of  chlorine.  The  equation  forms 
a  short  and  convenient  plan  of  recording  the  facts  of  experiment. 

Instead  of  an  equation,  a  diagram  may  be  employed  to  exhibit 
the  same  fact.    Thus  : — 


PHYSICAL  AND  CHEMICAL  CONSTITUTION  OF 
MATTER. 

Relations  of  Gases,  Liquids,  and  Solids. 

Molecules  of  gases  are  not  in  absolute  contact,  for  a  volume  of 
gas  may  be  compressed  with  very  little  force  to  half  or  one-fourth 
its  bulk — in  short,  to  such  an  extent  that  in  many  cases  the  mole- 
cules sufficiently  approximate  to  form  a  liquid.  In  a  liquid  the 
molecules  are  still  free  to  glide  about  with  ease  amongst  each  other : 
and  though  in  solids  they  exhibit  less  mobility,  still  even  solids  may 
be  compressed  by  powerful  pressure,  so  that  probably  in  no  instance 
are  molecules  in  absolute  contact.  (Moreover,  from  the  researches 
of  Caignard  de  la  Tour,  and,  recently,  of  Andrews,  there  would 
seem  to  be  no  sharp  lines  of  demarcation  lietwecu  the  gaseous, 
liquid,  and  solid  conditions  of  substances.)  One's  mental  picture 
of  the  relative  position  of  the  molecules  of  gaseous,  vaporous, 
liquid,  or  solid  matter  must  be  such  a  picture  as  that  of  the  mov- 
ing particles  of  dust  in  the  air  of  a  room,  or  such  a  relation  to  each 
other  as  that  of  the  planets  and  stars  suspended  in  space.  There  is 
abundant  experimental  evidence  to  warrant  such  a  conception.  A 
clear  transparent  fluid  appears  perfectly  homogeneous,  but  is  not  so. 
Its  particles  are  not  in  contact.  Every  one  who  has  mixed  a  pints 
of  rectified  spirit  with  3  pints  of  water  knows  that  the  100  fluid- 
ounces  of  spirit  and  (iO  tiuidouncos  of  Avater  do  not  when  mi.xed 
give  160  ounces  of  "proof"  spirit,  but  only  loft  ounces;  the  mole- 
cules of  the  liquids  have  gone  closer  together,  having  probably  a 
little  attraction  for  each  other.  Why  a  gas  under  pressure  should 
immediately  return  to  its  original  bulk  when  the  pressure  is  ra- 
moved,  while  a  liquefied  or  solidified  gas  only  slowly  resumes  the 
gaseous  or  vaporous  state,  is  a  question  which  requires  for  discus- 
sion a  knowltidge  of  the  nature  of  forces  other  than  the  cliemical. 
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For  it  must  bo  rcinombered  that  the  study  of  the  chemical  force  is 
iiminly  tlie  study  of  the  intoi-nal  constitution  of  molecules,  the  study 
of  the"  properties  of  entire  molecules  forming  tlic  domain  of  Physics 
— .-sometimes  termed  Nalaral  Fhi/osophi/.  (Physics,  from  (pvaig, 
phusis,  nature,  that  is,  visible  and  material  nature ;  the  study  of 
actions  and  reactions  wiiich  do  not  involve  entire  and  permanent 
change  in  the  properties  of  bodies — the  study  of  the  action  of  heat, 
light,  electricity,  magnetism,  gravitation,  etc.,  on  matter.) 

It  is  necessai-y,  however,  to  state  something  more  about  the 
physical  as  well  as  the  chemical  conditions  of  the  molecules  of  a 
i/as  in  order  that  the  learner  may  bo  prepared  for  the  fact,  that  mi.^- 
tures  of  certain  gaseous  elements,  in  combining  to  form  gaseous 
compounds,  diminish  considerably  in  volume.  Thus,  while  a  pint 
of  hydrogen  and  a  pint  of  chlorine  give  a  quart  of  hydrochloric 
acid  tjas, 


Hydrogen. 


Chlorine. 


Hydrochloric  acid  gas. 


two  pints  of  hydrogen  and  one  of  oxygen  are  necessary  to  produce 
a  quart  of  gaseous  water  (steam).  It  will  be  remembered  that  two 
volumes  of  hydrogen  and  one  of  oxygen  were  necessary  in  a  pre- 
vious experiment  in  which  water  was  formed. 


Gaseous  water  (steam). 


Now,  that  a  pint  of  hydrogen  gas  and  a  pint  of  chlorine  gas  should, 
after  chemical  reaction  or  rearrangement  of  the  atoms  of  the  mole- 
cules has  taken  place,  form  two  pints  of  hydrochloric  acid  gas,  is 
quite  what  we  should  expect.  For,  first,  the  reader,  by  this  time, 
is  not  astonished  that  the  chemical  comljination  is  attended  by  entire 
change  of  properties ;  and,  secondly,  the  experience  of  years  has 
led  him  to  expect  that  a  pint  of  one  thing  added  to  a  pint  of  another 
gives  two  pints  of  the  mixture.  But  that  two  pints  of  hydrogen  and 
one  pint  of  oxygen  should,  after  combination  (and  under  like  con- 
ditions of  temperature  and  pressure),  give,  not  three,  but  two  pints 
of  product  (steam)  is  ])erhaps  somewhat  astonishing,  and  needs 
explanation.  To  this  end  let  us  jiicture  a  few  of  the  molecules 
of  hydrogen  and  as  many  mohicules  of  chlorine.  Draw  with  a 
pencil  on  paper  several  pairs  of  crosses  ( +  +  )  to  represent  hydro- 
gen molecules  and  circles  (OO)  for  chlorine  molecules,  or,  if  colored 
uik  is  at  hand,  red  pairs  of  dots  for  hydrogen  and  green  for  chlo- 
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Or,  at  onco,  for  facility  in  printing,  let  the  follo>,'ing  pairs  of 
letters  h  h  represent  a  few  (say,  nine)  molecules  of  hydrogen,  and 
c  c  molecules  (nine)  of  chlorine — before  combination. 


/(  h 

h  h 

hh 

c  c 

c  c 

c  c 

h  h 

h  h 

h  h 

c  c 

c  c 

c  c 

h  h 

h  h 

h  h 

c  c 

c  c 

c  c 

Then,  after  combination,  we  shall  have  eighteen  molecules  of 
hydrochloric  acid  gas : — 


h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  e 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

But  when  two  volumes  of  hydrogen  and  one  of  oxygen  combine 
and  give  two  volumes  of  steam,  the  mental  picture  must  be  not  that 
of  molecules  somewhat  nearer  to  each  other  than  before,  nor  any 
diUerence  in  the  size  of  the  molecules,  but  a  picture  of  molecules 
containina:  three  instead  of  two  atoms — thus,  still  using  pairs  of 
letters,  just  for  the  moment,  to  represent  a  few  (the  space  will  allow 
only  twenty-seven)  molecules  : — 


0  0  0  0  0  0 
0  0  0  0  0  0 
0  0       0  0      0  0 


The  twenty-seven  molecules  (eighteen  hydrogen,  nine  oxygen) 
will,  after  combination,  become  eighteen  molecules  of  steam : 
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As  already  suggested,  one's  mental  picture  of  a  number  of  mole- 
cules may  well  give  them  such  a  relation  to  each  other  as  that  of  a 
number  of  solar  systems  in  the  universe,  equally  distant  from  each 
other  and  each  occupying  a  similar  space,  yet  one  system  containing 
a  sun  and  one  planet,  another  a  sun  and  two  planets,  and  so  on.  or 
even  one  or  more  of  the  planets  having  one  or  more  moons.  Indeed 
the  atoms  in  some  very  complex  molecules  really  appear  to  have 
very  much  the  relation  to  ea(-h  other  of  the  sun,  planets,  and  moons 
of  a  solar  system.  To  indicate  such  molecules  l)y  letters  as  above 
Avould,  of  course,  require  more  space  than  is  there  given  to  the 
assumed  pictures  of  molecules. 

Here  occurs  an  opportunity  that  must  not  bo  lost  of  stating  a 
mode  of  reasoning  by  which  a  molecule  of  oxygen  (or  of  many  other 
elements)  is  shown  to  bo  a  double  structure — shown  to  contain  two 
atoms.  Five  ccpial-sized  bottles  are  before  us,  two  filled  with  hydro- 
gen, one  with  oxygen,  and  two  with  steam.  (The  bottles  are  hot 
enough  to  prevent  the  steam  condensing  to  water,  and  all  five  are  at 
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the  same  tcmpcratuvo.)  Apply  heat  so  that  all  shall  bo  equally 
heated,  the  tkree  different  subslances  expand  eqiml/i/.  Cool  equally, 
the  contents  contract  equal! i/.  Apply  equal  prossure  to  all  live,  each 
in  equally  affected.  Diuiiiiish  pressure  equally,  each  portion  of  the 
three  substances  equalhj  expands.  Ghsos  (practically  steam  is  a  gas, 
it  is  simply  not  a  poruiaueiit  gas)  thus  similarly  affected  must  bo, 
physically,  similarly  constructed  or  constituted  (a  law  which  will 
again  be  referred  to,  on  page  54) ;  each  bottle  must  contain  the 
same  number  of  particles  or  molecules,  and  at  any  one  temporatui-e 
and  pressure  the  molecules  in  each  must  be  equally  distant  from 
each  other.  We  do  not  know  what  actual  number  or  distance,  but 
whatever  the  number  and  distance  it  is  the  same  for  each  bottle. 
Say  that  one  million  is  the  number,  then  we  shall  have  a  million  of 
molecules  in  the  first  hydrogen  bottle,  a  million  in  the  second,  a 
million  in  the  oxygen  bottle,  and  a  million  in  each  of  the  steam 
bottles.  We  will  cause  chemical  combination  between  the  two  mil- 
lions of  hydrogen  molecules  and  one  million  of  oxygen  molecules, 
producing  (as  we  have  seen)  two  millions  of  steam  molecules,  hav- 
ing the  properties  already  stated.  But  a  molecule  of  steam  contains 
an  atom  of  oxygen.  Hence  two  millions  of  steam  molecules  con- 
tain two  millions  of  oxygen  atoms,  which  two  millions  of  oxygen 
atoms  have  been  olitained  from  one  million  of  oxygen  molecules. 
Therefore  each  molecule  of  oxygen  was  a  double  structure — each 
molecule  of  oxygen  contained  two  atoms  of  oxygen.  As  Clifford 
says,  "  you  cannot  put  50  horses  into  100  stables,  so  that  there  shall 
be  exactly  the  same  amount  of  horse  in  each  stable ;  but  you  can 
divide  50  ^x/m'S  of  horses  among  100  stables." 

Thus  much  respecting  the  constitution  of  gaseous  or  vaporous 
matter.  Our  knowledge  of  the  constitution  of  liquid  and  solid  mat- 
ter is  still  more  limited. 

With  regard  to  the  notation  of  the  subject,  it  will  be  sufficient  to 
state  here  that  while  a  si/mbol  usefully  represents  one  volume  of  any 
gas,  a  formula  of  any  gas  or  vapor  rejwescnis  two  vohnnes.  By  re- 
memljering  this  general  rule  we  may,  by  looking  at  a  formula,  tell 
how  many  volumes  of  constituents  were  concerned  in  the  formation 
of  a  compound,  and  therefore  what  amount  of  condensation,  if  any, 
occurred  during  the  act  of  formation.  By  thus  reading  and  inter- 
preting the  formula  for  water,  11.^0,  we  see  that  two  volumes  of 
steam  (at  any  temperature)  may  be  obtained  from  two  volumes  of 
hydrogen  and  one  volume  of  oxygon  (at  the  same  temperature),  and 
thus  that  the  ext(int  of  condensation  when  hydrogen  and  oxygen 
(at  a  stat(;d  temperature)  unite  to  form  gaseous  water  (at  the  same 
temp(!rature)  is  from  three  to  two.  This  subject  will  again  bo 
treaterl  of  in  connection  with  those  of  Chemical  Combination  and 
the  Specific  Gravity  of  Gases. 

Further  Re.marks  ox  General  Chemical  Notation. 
We  may  now  take  an  (experiment  already  made  as  an  additional 
example  of  ch(!mi(^al  action,  and  d(\sci-ili(!  the  simplest  way  of  express- 
ing th(!  same  by  notation.   Wh(;n  two  volumes  of  hydrog(Mi  and  one 
of  oxygen  were  caused  to  combine,  the  production  of  flame  and  noise 
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proved  that  chemical  action  of  some  kind  had  taken  place ;  had  the 

experiment  been  performed  in  dry  vessels,  evidence  of  the  precise 
action  would  liave  been  found  in  the  bedcwment  or  moisture  produced 
by  the  condensation  of  the  water  on  tlie  sides  of  tlie  tube.  Similar 
evidence  was  afforded  on  holding  a  cool  glass  surface  over  the  hydro- 
gen-flame.   The  action  is  expressed  in  the  following  equation  : — 

2II,  +  0,  =  2H,p. 

Instead  of  an  equation,  the  following  diagram  may  be  employed : — 


The  foregoing  aggregation  of  symbols  or  short-hand  characters,  or 
foynmla,  H^O,  is,  then,  a  convenient  picture  of  the  facts  that  have 
already  come  before  us,  viz.,  that  water  is  formed  of  the  elements 
hydrogen,  II,  and  oxygen,  0 ;  moreover,  that  it  is  formed  of  two 
measures  or  volumes  of  hydrogen,  II.,,  to  one  of  oxygen,  0 ;  and, 
thirdly,  that  the  molecule  of  water  (11.^0)  is  formed  of  two  atoms  of 
hydrogen  (H^)  and  one  of  oxygen  (0).  The  formula  also  fulfils  the 
fonrtli  Junction  of  indicating  that  the  two  volumes  of  hydrogen  and 
one  of  oxygen  in  combining  condensed  to  two  volumes  of  steam. 
That  the  resulting  bulk  of  steam  afterwards  shrunk  most  consider- 
ably in  condensing  to  water  is  another  matter  altogether,  a  physical 
and  not  a  chemical  result,  and  due  to  the  approximation  of  the  mole- 
cules of  water  after  formation. 

Another  experiment  already  performed,  illustrating  the  character 
of  the  manifestations  of  chemical  force  (symbolically  noted  as  fol- 
lows), was  that  in  which  the  red-hot  carbon  of  wood  was  plunged 
into  oxygen.  The  evidence  of  chemical  action  in  that  case  was  "the 
sudden  inflammation  of  the  carbonaceous  extremity  of  the  wood. 
The  particles  of  carbon  and  oxygen,  having  intense  attraction  or 
affinity  for  each  other  at  that  temperature,  rush  together  so  impetu- 
ously as  suddenly  to  produce  a  large  additional  quantity  of  heat, 
an  amount  sufficient  to  cause  the  particles  to  emit  an  intense  white 
light.  The  action  lietweon  carbon  and  oxygen  is  expressed  on  paper 
in  either  of  the  following  ways  : — 

C 
C 


CO,  is  the  formula  of  the  well-known  gaseous  body  commonly 
termed  cai-bonic  acid  gas. 
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The  reader  should  here  draw  for  liiniself  equations  or  dia- 
grams siuiihir  to  those  on  page  46,  and  thus  show  the  formation 
of  tlu'  three  bodies  he  has  already  produced — namely,  phosphoric 
anhydride  (P-.Oi),  sulphurous  acid  gas  (SO.^),  and  iodide  of  iron 
(FeL),  submitting  tlie  same,  if  possible,  to  a  tutor  or  other 
authority  to  assure  himself  of  their  correctness. 

Xote. — In  the  foregoing  exporimenta  several  illustrations  occur 
of  the  formation  of  compounds  having  the  gaseous,  liquid,  and 
solid  conditions,  in  one  of  wiiich  three  forms  all  matter  in  the  uni-  - 
verse  apparently  exists. 

Laws  of  Chemical  Combinatiox  (by  WEionr). 
Chemistry  as  a  science  is  little  more  than  a  hundred  years  old, 
though  very  many  of  the  facts  and  operations  we  now  term  chemical 
have  been  known  as  isolated  items  of  knowledge  for  centuries.  Thus, 
the  ancient  Egyptians  made  glass,  vitriol,  soap,  and  vinegar  ;  and  the 
Greeks  started  the  idea  that  nuatter  was  composed  of  a  few  elements, 
imagining  earth,  air,  fire,  .and  water  to  be  elements.  But  the  great 
general  principles  which  interlace  and  bind  together  separate  fiicts, 
those  which  from  their  extensive  application  and  importance  are  de- 
nominated laws,  have  all  been  brought  to  light  since  the  year  1770. 

I^<'rs(  Law  rclafiug  to  CJttmicul  Omhinatirms. 

Between  17iS5  and  1800,  Bryan  Higgins,  William  Iliggins,  Wenzel 
Richter,  and  Proust  made  analyses  and  researches  which  led  up  to 
the  following  generalizations  :   When-  compounds  unite  to  form  defi- 
nite chemical  substances,  they  always  combine  in  the  same  jjroportions. 
The  curious  character  of  this  fact  could  but  be  most  striking,  and 
indeed  is  so  now,  to  the  mind  receiving  it  for  the  first  time.  Thus 
water  (a  bompound)  added  to  quicklime  (a  compound)  gives  slaked 
lime,  a  perfectly  definite  chemical  substance.    But  whereas  sand  and 
water,  sugar  and  water,  sand  and  sugar,  and  such  mixtures  may  be 
oljtained  by  adding  together  the  ingredients  in  any  proportions  what- 
ever, say  90  of  sugar  and  10  of  sand,  or  10  of  sugar  and  90  of  sand, 
slaked  lime  (say  100  parts)  invariably  results  from  the  combination 
of  75|  of  quicklime  and  24}  of  water.    If  a  larger  proportion  than 
75|  per  cent,  of  quicklime  be  employed,  the  excess  remains  as  quick- 
lime mixed  with  the  slaked  lime ;  and  if  more  than  24}  per  cent,  of 
water  be  used,  an  excess  of  water  remains  with  the  slaked  lime  and 
evaporates  if  the  mixture  be  exposed  to  the  air.    Dalton  discovered 
that  when  elements  unite  to  form  a  definite  substance,  they,  like 
compounds,  always  combine  in  the  same  |)roportions ;  and  ho  was 
the  first  to  set  forth  the  law  in  a  manner  wiiich  was  at  once  clear 
and  comprehensive  enough  to  include  the  ibrmer  generalization. 
Thus : — 

A  definite  compound  always  contains  the  same  elements  in  the 
same  proportions. 

Take  another  example.    Common  salt  always  contains  39J  per 
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cent,  of  the  motal  sodium  to  fiOl  of  chlorine,  and  water  always  89  of 
oxygen  and  II  per  cent,  of  hydrogen  (more  exactly  88.89  to  11.11). 
As  witli  f|uicklinie  and  water,  so  with  the  chlorine  and  sodium,  and 
the  constituents  of  many  (not  all)  chemical  compounds  ;  in  such 
cases  if  either  be  added  to  the  other  in  any  quantity  beyond  stated 
proportions,  the  excess  plays  no  part  whatever  in  the  act  of  combi- 
nation. (In  so/we  cases,  as  will  be  seen  directly,  excess  of  either 
plays  a  very  simple  but  very  remarkaljle  part.)  In  short,  whether 
a  compound  be  made  directly  from  its  elements,  or  by  the  combina- 
tion of  other  compounds,  or  indirectly  as  one  of  two  products  of  the 
action  of  substances  chemically  on  each  other,  whatever  be  its  ori- 
gin, if  it  is  a  definite  compound  it  always  contains  the  same  ele- 
ments in  the  same  proportions. 

Second  Low  relaling  to  Chemical  Comhinntions. 

Dalton  further  made  such  experimental  researches  as  enabled  him 
to  lay  down  a  second  great  law.  He  found  that,  while  many  su]> 
stances  only  united  chemically  in  one  proportion,  others  combined  in 
two  or  even  more,  and  he  studied  several  such  naturally  related 
bodies.  lie  found  that  while  carbonic  oxide  (a  gas  formed  when 
charcoal  is  burned  with  an  iusuiEcient  supply  of  air)  contains  such 
a  proportional  weight  of  carbon  and  oxygen  as  is  represented  by  (to 
use  the  simplest  figures)  3  and  4,  carbonic  acid  (a  gas  formed  when 
charcoal  is  burned  with  excess  of  air)  contains  3  of  carbon  to  ex- 
actly twice  4  of  oxygen.  He  proved  that  a  similar  relation  existed 
between  two  compounds  of  carbon  and  hydrogen,  and  between  a 
cluster  of  compounds  of  nitrogen  and  oxygen.  The  first  of  the 
latter,  to  a  given  quantity  of  nitrogen,  contains  a  certain  proj)ortion 
of  oxygen  ;  the  next,  to  the  same  quantity  of  nitrogen,  has  exactly 
twice  the  proportion  of  oxygen  :  and  the  others  have  exactly  three, 
four,  and  five  times  as  much  oxygen  as  the  first,  the  quantity  of 
nitrogen  remaining  the  same  throughout.  Dalton  thus  generalized 
these  facts : — 

T'lAfji  two  elements  unite  in  more  tlian  one  j^roportion,  the  re- 
sulting compounds  contain,  to  a.  constant  proportion  of  one  ele- 
ment, simjile  multiple  proportions  of  the  other — or  the  weights  of 
the  constituent  elements  bear  some  similar  simple  relations  to  each 
other. 

Thus  carbonic  oxide  gas  is  a  definite  compound  always  containing 
fixed  proportions  of  carbon  and  oxj'gen,  and  carbonic  acid  gas  is 
also  a  definite  compound  always  containing  fixed  proportions  of 
carbon  and  oxygen.  Both  thus  obey  the  first  law  of  combination. 
But  whereas  carbonic  oxide  contains,  or  may  be  made  from,  30  parts 
(ounces,  grains,  or  other  weights)  of  carbon  and  40  of  oxygen,  car- 
bonic acid  contains,  or  may  be  made  from,  30  parts  of  carbon  and 
exactly  twice  40  of  oxygen. 

This  second  law  cannot  but  be  as  striking  as  the  first  when  fresh- 
ly unveiled  to  the  mind.  Sand  and  sugar,  or  any  substances  which 
do  not  act  cheinically  on  each  other,  may  be  mixed  in  the  propor- 
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tions  of  30  to  40,  30  to  80,  30  to  60,  or  any  other  quantities ;  but  if 
an  attempt  be  made  to  burn  30  parts  of  carbon  in  00  of  oxygen,  the 
elements  will  themselves  naturally  assert  their  own  special  com- 
bining powers,  and  refuse,  so  to  say,  to  unite  in  these  proportions : 
the  30  of  carbon  will  first  combine  with  40  of  oxygen  and  form  70 
of  carbonic  oxide,  and  this  gas,  which,  had  it  the  opportunity,  would 
combine  with  40  more  of  oxygen  and  form  carbonic  acid  gas,  find- 
ing only  half  that  quantity,  namely,  20,  of  oxygen  present,  contents 
itself  by  one-half  (that  is,  35  of  carbonic  oxide),  accepting  the  20  of 
oxygen  and  becoming  carbonic  acid  gas,  while  the  other  half  re- 
mains as  carbonic  oxide.  This  is  a  most  wonderful  fact.  Again, 
if  30  parts  of  carbon  be  burnt  in  more  than  80,  say  85,  of  oxygen, 
only  80  will  be  used,  the  other  5  remaining  as  oxygen  merely  mixed 
with  the  resulting  carbonic  acid  gas.  If  we  attempt  to  burn  30 
parts  of  carbon  in  less  than  40  of  oxygen,  the  oxygen  will  take  up 
three-fourths  its  weight  of  carbon  and  form  carbonic  oxide,  while 
the  excess  of  carbon  will  remain  as  carbon. 

Recapitulation. 

Nature  does  not  always  permit  man  to  mix  things  in  any  propor- 
tions he  pleases.  She  does  sometimes.  She  does  if  he  only  stirs 
things  together,  or  if  he  only  uses  the  attractions  of  adhesion  or  co- 
hesion in  binding  the  materials  together ;  but  if  he  employs  chem- 
ical attraction,  she  restricts  him  to  special  proportions.  That  is  to 
say,  if  the  things  mixed  do  not  attack  one  another  or  intimately 
combine,  then  admixture  may  he  effected  in  any  proportion ;  and 
the  mixture  is  a  mere  mixture  having  the  mean  properties  of  its 
components.  Examples  of  such  mixtures  are  seen  in  compound 
plasters,  pill-masses,  confections,  and  plum-puddings.  But  if  the 
things  do  unite  to  form,  not  a  mere  mixture  having  the  mean  prop- 
erties of  its  components,  but  a  compound  having  new  and  distinct 
and  definite  characters  of  its  own,  then  nature  does  not  permit  man 
to  mix  the  things  in  any  proportion  he  pleases.  The  proportion  is 
one  fixed  and  constant;  and  if  he  substitutes  proportions  of  his  own, 
the  things  unite  in  the  proportions  fi.xed  by  nature,  and  the  excess 
he  has  added  either  remains  in  its  original  uncombined  condition, 
or  it  combines  with  the  compound  already  produced  to  form  a  sec- 
ond different  compound.  Any  one  compound,  that  is,  the  same 
compound,  always  contains  the  same  elements  in  the  same  propor- 
tions, and  can  only  be  made  from  the  same  elements  in  the  same 
proportions.  An  attempt  to  mix  the  same  elements  in  other  pro- 
portions would  result  in  one  of  two  failures,  namely,  either  the 
extra  proportion  would  remain  free  and  uncombined,  or  it  would 
combine  and  convert  the  first  compound,  or  a  portion  of  it,  into  a 
different  compound.  The  fresh  compound  thus  produced,  like  the 
first,  and  indeed  like  all  definite  compounds,  of  course  always  con- 
tains the  same  elements  in  the  same  proportions. 

In  short  (law  1)  any  definite  compound  always  contains  the  same 
elements  in  the  same  proportions,  and  (law  2)  any  two  elements 
uniting  in  more  than  one  proportion  unite  in  multiples  of  that  pro- 
portion, and  produce  so  many  difl'erent  definite  compounds.  Tak- 
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ing  hydrogen  as  uniting  in  proportions  of  1 ,  oxygen  unites  in  pro- 
portions of  IC) — that  is,  16,  twice  16,  thrice  16,  and  so  on,  never  in 
intermediate  proportions.  Carbon  unites  in  proportions  of  12,  sul- 
phur of  32,  chlorine  of  35j.  And  every  other  element  has  its  com- 
bining proportion  fixed  by  nature. 

The  student  of  chemistry  is  recommended  to  accept  these  two 
great  natural  facts,  great  enough  to  be  digniliod  by  the  name  of 
Zaws,  in  all  their  inherent  solidity  and  simplicity.  Of  course,  he 
will  wonder  ichy  substances  should  combine,  chemically,  only  in 
iixed  proportions  when  forming  a  definite  body,  and  why,  Avhen  a 
substance  combines  in  more  than  one  proportion  to  form  difierent 
compound  bodies,  the  proportions  should  only  be  multiple  propor- 
tions ;  and  an  extremely  ingenious  and  useful  explanation  has  been 
suggested  by  Dalton  (see  the  following  paragraphs  on  the  theory 
that  matter  is  built  up  of  atoms) ;  but  man  has  not  yet  succeeded 
in  so  questioning  nature  as  to  gain  from  her  a  satisfactory  answer 
to  such  questions ;  hence,  until  he  does  succeed,  any  hypothesis, 
such  as  Dalton's,  should  be  held  intelligently  but  loosely.  The 
facts  themselves,  however,  should  be  grasped  with  the  student's 
utmost  tenacity. 

Third  Law  relating  to  Chemical  Comhination. 

Careful  consideration  of  the  foregoing  two  great  laws  has 
suggested  an  important  truth  sometimes  termed  The  Law  of 
Chemical  Combination,  namely:  The  proportions  in  which  two 
dements  unite  tclth  a  third  are  the  ^proportions  {or  siviple  mul- 
tiples or  submultiples  of  the  proportions^  in  which  they  unite  with 
each  other.  Thus  oxygen  in  proportions  of  16  unites  with 
hydrogen,  and  carbon  in  proportions  of  12  unites  with  hydro- 
gen;  therefore  16  and  12  are  the  proportions  in  which  oxygen 
and  carbon  will  unite  with  each  other.* 

The  Atomic  Theory. 

The  laws  which  Dalton  (1803  to  1808)  so  largely  aided  to  unveil 
— two  grand  and  wonderful  truths — he  explained  and  correlated  by 
a  simple  and  lieautiful  hypothesis.  Dalton  snr/ffeated  that  matter 
was  not  infinitely  divisible,  but  comiwscd  of  minute  particles  or 
ATOMS  having  an  invariable  character.  In  the  words  of  AVurtz,  "To 
an  old  and  vague  notion  he  attached  an  exact  meaning  by  supposing 
that  the  atoms  of  each  kind  of  matter  possess  a  constant  weight,  and 
that  combination  between  two  kinds  of  matter  takes  place  not  by  pene- 
tration of  their  substance,  but  by  juxtaposition  of  their  atom^}' 

Thus  under  this  hypothesis,  or  atomic  theory  as  it  is  generally 
termed,  carbonic  oxide  is  a  definite  compound  always  containing 


*  See  Axiom  1  in  Hawtrey's  fascinating  "  Introduction  to  the  Ele- 
ments of  Euclid,"  Longmans  &  Co.,  London,  2s.  6rf.,  a  book  stronglv 
recommended  to  any  chemical  student  who  is  not  familiar  with  the 
mode  of  retisoning  commonly  termed  geometrical. 
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the  same  elements  in  the  same  proportions,  because  each  particle  of 
it  is  composed  of  an  atom  of  (!arhon  and  an  atom  of  oxyijen  chemi- 
cally united,  the  weights  of  the-  atoms  being  in  the  proportion  of  3 
and  4,  that  is,  having  a  constant  weight  of  ll^  and  as  we  now 
lielieve.  Carbonic  acid  gas  is  also  a  definite  compound  always  con- 
taining the  same  elements  in  the  same  proportions,  and  the  propor- 
tion of  oxygen  is  just  double  that  in  carbonic  oxide,  became  each 
particle  of  it  is  composed  of  an  atom  of  carbon  (weighing  12)  and 
two  atoms  of  oxygen  (each  weighing  16). 


Imaginary  pictures  of  molecules  of  carbonic  oxide  gas  and  carbonic  acid  gas.* 


Again,  the  facts  that  with  12  of  carbon  oxygen  unites  in  the  pro- 
portion of  16,  or  a  multiple  of  16  ;  that  with  12  of  carbon  sulphur 
unites  in  the  proportion  of  32,  or  a  multiple  of  32  (the  liquid  known 
as  disulphide  of  carbon  is  a  chemical  compound  of  12  of  carbon  to 
twice  32  of  sulphur) ;  and,  thirdly,  that  oxygen  and  sulphur  unite 
in  proportions  of  16  and  32,  are  at  once  explained  on  the  assump- 
tion that  these  elements  exist  in  atoms  which  have  the  respective 
weights  mentioned.  Existing  in  indivisible  particles  (atoms)  which 
weigh  16,  12,  and  32,  oxygen,  carbon,  and  sulphur  must  unite  in 
indivisible  weights  of  16,  12,  and  32. 


What  has  just  been  stated  respecting  two  or  three  elements  is 
true  of  all  the  elements.  It  is  a  fact,  that,  when  elements  unite 
with  one  another  in  the  peculiar  and  intimate  manner  termed  chem- 
ical, they  do  not  combine  in  the  haphazard  jjroportions  of  a  mere 
mixture,  but  in  one  fixed  and  constant  proportion.  Such  propor- 
tions or  weights  represent,  according  to  Dalton,  the  weights  of  their 
atoms.  Oxygen  unites  with  other  elements  in  proportions  of  16, 
therefore  16  is  the  weight  of  the  atom  of  oxygen.  Chlorine  unites 
with  other  elements  in  proportions  of  35^,  therefore  35j  is  the 
atomic  weight  of  chlorine.  And  for  a  similar  reason  the  atomic 
weights  of  hydrogen  will  be  1,  carbon  12,  sulphur  32,  nitrogen  14, 
and  iodine  127.  Of  course  it  will  be  understood  that  these  are  the 
relative  weights  of  atoms,  for  we  cannot  know  the  absolute  weights. 
All  that  .is  known  is  that  the  chlorine  atom,  for  instance,  is  35.5 
times  as  heavy  as  the  hydrogen  atom,  whatever  the  absolute  weight 


*  The  size  of  atoms,  their  .shape,  tlieir  absolute  weight — whether  or 
not  they  are  in  actual  contact — whether  or  not  they  are  fixed  in  rela- 
tion to  each  other,  free  to  move  about  each  other,  or  in  a  constant  slate 
of  motion— and  whether  or  not  the  chemical  Ibi'ce  actuates  them  as  the 
force  of  gravitation  infiuences  our  earth,  and  moon,  and  solar  systems, 
are  matters  of  which  at  present  we  know  almost  nothing.  The  two 
pictures  are  not  intended  to  convey  any  impression  that  the  following 
formula;  do  not  give :  (X)  or  OC,  OCO  or  OOC  or  COO  or  CO.^. 
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of  the  latter  may  be,  and  the  iodine  atom  127  times  as  heavy.  The 
quantity  of  metal  which  with  35.5  of  chlorine  will  form  a  chloride, 
and  with  twice  .35.5  a  second  chloride  (dichloride  or  bichloride),  will 
require  127  of  iodine  to  form  an  iodide,  and  twice  127  of  iodine  to 
form  a  second  iodide  (a  diniodide  or  l)iniodide).* 

Note  on  Notation. — A  fourth  function  of  a  symbol  is  to  )"epresent 
atomic  loeight.  Thus  the  symbols  II,  CI,  0,  etc.,  not  only  perform 
the  office  of  representing  (a)  names,  (6)  single  volumes,  and  (c)  sin- 
gle atoms,  but  (d)  definite  weights  of  the  respective  elements. 

H  =  l,  Cl  =  35.5,  0  =  16,  1  =  127,  N  =  14,  K  =  39,  etc. 

Laws  op  Chemical  Combination  (by  Volume). 

In  1809  Gay-Lussac  showed  it  to  be  a  fact  tliat  when  gaseous  ele- 
ments unite  with  one  another  in  the  intimate  manner  termed  chem- 
ical, they  do  not  combine  in  the  haphazard  proportions  (that  is,  pro- 
portions by  measure  or  volume)  of  a  mere  mixture,  but  in  constant 
proportions  in  the  case  of  any  single  definite  compound,  and  in  sim- 
ple multiple  proportions  in  cases  where  two  elements  form  more 
than  one  definite  compound.  He  thus  proved  that  the  laws  respect- 
ing the  constancy  of  weight  with  which  elements  combine  hold  good 
with  reference  to  volume,  at  all  events  in  those  cases  in  which  ele- 
ments exist  in  or  can  be  made  to  assume  the  gaseous  condition.  A 
volume  of  hydrogen  gas  and  an  equal  one  of  chlorine  gas  give  hy- 
drochloric acid  gas.  Two  volumes,  of  hydrogen  and  one  of  oxN'gen 
give  water-vapor  or  steam.  Such  volumes  or  simple  multiples  are 
alone  the  proportions  by  bulk  in  which  elements  coml)ine.  If  any 
excess  of  either  gas  be  mixed  and  combination  attempted,  only  the 
stated  proportions  really  combine,  the  excess  remaining  unaltered. 
Further,  following  Gay-Lussac,  on  weighing  these  similar  and  equal 
volumes  of  hydrogen,  chlorine,  and  oxygen,  we  find  that  the  chlo- 
rine is  35.5  times  as  heavy  as  hydrogen,  and  oxygen  16  times  as 
heavy  as  hydrogen. 

In  1811  and  1814,  Avogadro  and  Ampere,  reasoning  on  the  fact 
that  all  gases  are  similarly  affected  by  variations  of  pressure  (Boj'le, 
1662,  verified  by  Mariotte)  and  temperature  (Charles),  concluded 
that  all  gases  must  be  similarly  constituted — similarity  in  proper- 
ties always  indicating  similarity  in  character  or  nature ;  in  other 
words,  that,  if  equal  voluinea  of  gases  be  taken  under  like  conditions, 
each  will  contain  the  same  number  of  molecules,  similar  in  size  and 
equally  distant  apart.  The  deduction  is  obvious.  The  weights  of 
molecules  of  gaseous  elements  {that  is,  pairs  of  atotns,  and  therefore 
of  atoms  themselves)  must  differ  to  the  extent  that  the  weigh  ts  of  equal 
volumes  of  those  elements  difer.  Equal  volumes  of  hydrogen,  chlo- 
rine, and  oxygen,  weighing  respectively  1,  35.5,  and  16,  and  each 
of  these  volumes  containing  an  equal  number  of  molecules,  each 


*  Only  the  atomic  weights  of  the  above  and  a  few  of  the  chief  metal- 
lic elements  need  be  committed  to  memory;  otiiei-s  can  be  sought  out 
as  occasion  may  require.  A  complete  Table  of  cnmhinhiq  prnporiiom 
of  elements,  or  Atomic  Weights,  is  given  at  the  end  of  the  volume. 
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formed  of  two  atoms,  it  follows  tiuit  the  relative  weights  of  the 
atoms  will  be  1,  35.5,  and  16. 

It  will  thus  he  seen  that  the  weight  of  tlio  volume  in  which  an 
element  combines,  and  the  actual  weujhl  in  which  it  combines,  irre- 
spective of  volume,  arc  identical.  For  instance,  we  should  find  by 
experiment  that,  as  a  simple  matter  of  fact,  oxygen  unites  with  other 
elements  in  proportions  of  16  by  weight,  while  hydrogen  combines 
in  proportions  of  1.  Turning,  then,  to  experiments  on  the  volumes 
in  which  hydrogen  or  oxygen  combine,  and  having  ascertained  those 
volumes,  and  then  having  weighed  them,  we  should  find  that  the 
oxygen  volume  weighs  16,  while  the  hydrogen  weighs  1.  In  com- 
pounds in  which  hydrogen  was  found  in  proportions  of  1  grain,  oxy- 
gen would  be  found  in  proportions  of  16  grains.  In  gaseous  com- 
pounds in  which  hydrogen  was  found  in  proportions  of,  say,  27 
ounces  by  measure,  oxygen  would  be  found  in  proportions  of  27 
ounces  by  measure ;  the  27  ounces  of  hydrogen  would  be  found  to 
weigh  1  grain,  and  the  27  ounces  of  oxygen  to  weigh  16  grains. 

Thus  the  two  great  facts  or  laws  respecting  chemical  compounds 
which  Dalton  laid  down  by  ascertaining  the  exact  weights  in  which 
bodies  combine,  Gay-Lussac  confirmed  by  experiments  on  the  exact 
volumes  in  which  elements  combine.  Further,  Gay-Lussac's  exper- 
iments and  Avogadro's  reasoning  strongly  supported  Dalton's  theory 
of  atoms. 

Recapitui-atio.v. 
What  are  atomic  weights  or  combining  weights?  First,  they  are 
represented  by  the  smallest  proportion  (relative  to  1  part  of  hydro- 
gen) in  which  an  element  migrates  from  compound  to  compound. 
Thus  1  part  by  weight  of  hydrogen  can  be  eliminated  from  18  sim- 
ilar parts  of  water  by  action  of  certain  metals,  leaving  1  of  hydrogen 
and  16  of  oxygen  combined  with  the  metal.  From  the  latter  com- 
pound 1  more  of  hydrogen  is  eliminated  by  a  second  experiment  with 
more  metal,  leaving  16  of  oxygen  combined  with  the  metal.  In  these 
and  other  well-known  reactions  16  parts  of  oxygen  take  part  in  the 
various  operations;  16,  therefore,  is  the  probable  atomic  weight  of 
oxygen ;  and  so  with  other  elements  and  radicals.  Secondly,  the 
weights  of  the  atoms,  or  the  atomic  weights,  of  the  gaseous  elements 
already  studied,  must  diifer  from  each  other  to  the  extent  that  equal 
volumes  of  those  elements  differ  in  weight.  For  equal  volumes  of  an 
element  contain  an  equal  number  of  molecules  equal  in  size  (Avoga- 
dro's and  Ampfere's  conclusion),  and  each  molecule  is  composed  of  two 
atoms ;  so  that  equal  volumes  of  elements  contain  an  equal  number 
of  atoms.  Now,  bulk  for  bulk,  chlorine  is  thirty-five  and  a  half 
(35.5)  times  as  heavy  as  hydrogen  ;  so  that  the  molecule  of  chlorine 
must  be  35.5  times  the  weight  of  the  molecule  of  hydrogen ;  for 
molecules  are  c(|ual  in  bulk.  And  as  the  molecules  of  chlorine  and 
hydrogen  contain  two  atoms  each,  the  atom  of  chlorine  must  be  35.5 
times  as  heavy  as  that  of  hydrogen.  'J'he  actual  weight  of  atoms 
can  never  be  ascertained,  but  that  is  of  little  consequence  if  we  can 
only  determine,  with  exactitude,  their  comparative  weights.  Com- 
paring, then,  all  atomic  weights,  sometimes  ol)scurely  termed  equiv- 
alents, with  each  other,  and  selecting  hydrogen  as  the  standard  of 
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comparison  (liocausc  it  is  the  lif!;litest  body  known,  and  therefore, 
probably,  will  have  the  smallest  atomic  weip;bt),  and  assi^^ninf^  to  it 
the  number  1,  we  see  that  the  atomic  wcifrht  of  chlorine  will  be 
represented  by  the  number  35.5.  By  parity  of  reasonin/^  the  atomic 
v/eight  of  oxygen  is  16 ;  for  oxygen  is  found,  by  experiment,  to  bp 
16  times  as  heavy  as  hydrogen.  Similarly  the  atomic  weight  of 
nitrogen  is  found  to  be  14.  The  atomic  weight  of  carbon  is  12 — not 
because  its  vapor  has  been  proved  to  be  1 2  times  as  heavy  as  hydro- 
gen, for  it  has  never  yet  been  converted  into  the  gaseous  state,  but 
because  no  gaseous  compound  of  carbon,  which  has  been  analyzed, 
has  been  found  to  contain  in  2  volumes  (one  of  which,  if  hydrogen, 
would  weigh  1  part)  less  than  12  parts  of  carbon. 

By  thus  weighing  equal  volumes  of  gaseous  elements,  or  equal 
volumes  of  gaseous  compounds  of  non-volatile  elements,  and  ascer- 
taining by  analysis  the  proportion  of  the  non-volatile  element  whose 
atomic  weight  is  being  sought  to  the  volatile  element  whose  atomic 
weight  is  known,  the  atomic  weights  of  a  large  number  of  the  ele- 
ments have  been  determined.  Some  of  the  elements,  however,  do 
not  form  volatile  compounds  of  any  kind  ;  the  stated  atomic  weights 
of  these  elements,  therefore,  are  at  present  simply  the  proportions  by 
weight  in  which  they  combine  with  or  displace  elements  whose  atomic 
weights  have  been  determined,  the  proportion  being  in  most  cases 
checked  by  isomorphic  considerations  and  the  relation  of  the  element 
to  other  forces,  especially  heat.*    (  Fide  infra.) 

Molecular  Weight  and  Molecular  Volume. 

The  tveight  of  the  molecule  is  simply  the  sum  of  the  weights  of  its 
atoms ;  thus 

H2  =  2;  02  =  32;  CI,  =  71;  H,0  =  18;  HC1  =  36.5. 

Molecular  Volume. — If  the  quantities  just  mentioned  be  weighed 
out  (in  grains  or  other  weights),  or  if  the  molecular  weight  of  any 
gases  or  liquids  be  taken  and  exposed  to  similar  (high)  temperatures 
and  pressures,  thty  will  all  be  found  to  occupy  the  same  volume. 
Conversely,  if  equal  volumes  of  gases  or  vapors  be  measured  out, 
and  then  the  whole  weighed,  the  resulting  figures  (all  referred  to  2 
of  hydrogen  as  a  starting-point  or  standard)  are  the  molecular 
weights  of  the  respective  suljstances.  Thus  a  volume  of  hydrogen 
(about  half  a  gallon)  which,  at  a  temperature  of,  say,  30U°  F.  or 
400°  F.,  and  common  atmospheric  pressure,  would  weigh  2  grains, 


*  laomorphoiui  bodies  (from  laoc,  isns,  equal,  and  fiop^i/,  morphe,  form) 
are  tliose  which  are  similar  in  the  sliape  of  their  crystals.  The  iden- 
tity in  crystalline  form  is  so  commonly  associated  with  similarity  of 
constitution  that  non-crystalline  substances  resembling  each  other  in 
structure  are  often  regarded  as  isomorphous.  When  one  element 
unites  with  another  in  more  than  one  proportion,  and  its  atomic 
weight  is  so  far  uncertain,  the  isomorphism  of  either  of  its  com- 
pounds with  some  other  compound  of  known  constitution  is  usually 
accepted  as  decisive  evidence  as  to  which  proportion  is  atomic.  The 
specific  heat  of  elements  will  be  treated  of  sub.sequentlv. 
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would  in  the  case  of  vapor  of  Avatev  (steam)  weigh  18  grains. 
Hence  we  arc  justified  in  considering,  indeed  compelled  to  con- 
sider, the  molecule  of  water  to  contain  two  atoms  of  hydrogen 
(—•2)  and  one  of  oxygon  (=  16),  and  its  formula  to  be  M.fi  (=  18), 
and  not  11,0.,,  in  which  case  its  vapor  would  be  twice  ai  heavy  as  it 
really  is  found  to  l)e. 

Construction  of  Formulce. — The  composition  of  hydrochloric  acid 
(IICl),  water  (li.>0),  ammonia  (NHg),  carbonic  acid  gas  (CO,),  or 
any  other  compound,  as  well  as  the  weight  of  an  element  that  may 
be  concerned  in  its  formation,  cannot  be  ascertained  by  actual  ex- 
periment until  the  student  is  far  advanced  in  practical  chemistry — 
until  he  is  able  to  analyze  not  only  qualitaiively,  but,  by  help  of  a 
balance,  quantitatively.  The  percentage  composition  of  a  substance 
having  been  determined  by  quantitative  analysis,  its  formula  is  con- 
structed by  aid  of  the  foregoing  and  other  theoretical  considerations. 
The  correctness  of  such  formulas  can  be  verified  by  expert  analysts, 
but  must  be  taken  for  granted  by  learners.  This  subject  will  again 
be  referred  to  in  the  latter  part  of  this  Manual. 

QUANTIVALENCE  OF  AtOMS. 

Tui'ning  from  the  iceights  of  atoms,  their  value  may  now  be  con- 
sidered ;  their  quantivalence  (from  quantitas,  quantity,  and  valens, 
being  worth)  may  be  stated.  The  chemical  value  of  atoms  in  rela- 
tion to  each  other  may  be  compared  to  the  exchangeable  value  of 
coins.  As  compared  with  a  penny  {Id.)  a  groat  (4rf.)  is  four-valued  ; 
as  compared  with  hydrogen  carbon  is  quadrivalent.  Here  again 
hydrogen  is  conveniently  adopted  as  the  standard  of  comparison. 
An  atom  of  oxygen  in  its  relations  to  an  atom  of  hydrogen  is  biva- 
lent (pronounced  thus,  biv'-a-lent ;  of  double  worth,  from  bis,  twice, 
and  miens);  aa  atom  of  it  will  displace  two  atoms  of  hydrogen,  or 
combine  with  the  same  number ;  nitrogen  is  usually  trivalent 
(triv'-a-lent ;  from  tres,  three,  and  valens) ;  and  carbon,  quad-riv'-a- 
lent  (from  qn.atii.or,  four,  or  quater,  four  times,  and  valens).  Chlo- 
rine, iodine,  and  bromine,  as  well  as  potassium,  sodium,  and  silver 
among  the  metals,  are,  like  hydrogen,  univalent  (u-niv'-a-lent ;  from 
iinu.H,  one,  and  valens).  Barium,  strontium,  calcium,  magnesium, 
zinc,  cadmium,  mercury,  and  copper,  like  oxygen,  are  bivalent. 
Phosphorus,  arsenicum,  antimony,  and  bismuth,  like  nitrogen, 
usually  exhi])it  trivalent  properties  ;  but  the  composition  of  certain 
compounds  of  these  five  elements  shows  that  the  several  atoms  are 
sometimes  quinquivalent  (quin-quiv'-a-lent ;  quinquies,  five  times, 
and  valens).  (xold  and  boron  are  trivalent.  Silicon  (the  character- 
istic element  of  Hint  and  sand),  tin,  aluminium,  ])latlnum,  and  lead 
riisemblc  carbon  in  iKslng  ((uadrlvalent.  Sulphur,  chromium,  man- 
ganese, iron,  cobalt,  and  nickel  are  sexivalent  (sex-iv'-a-lent ;  from 
•lex,  six,  or  sexies,  six  times,  and  valens),  but  frequently  exert  only 
bivalent,  trivalent,  or  quadrivalent  activity.  This  qu an' i valence 
(quai)t-lv^-a-lence ;  from  quantitas,  quantity,  and  valens),  also 
termed  aloniici/y  (nnixlmum  quantivalence),  dynaniicity,  and 
equivalence  of  elements,  may  !»!  ascertained  at  any  time  on  refer- 
ring to  the  table  of  the  Ekiments  at  the  end  of  this  vohiiiu^,  where 


5G 


GENERAL  PRIXCIPLES  OF 


Koman  numerals,  i,  ii,  iii,  iv,  v,  vi,  are  attached  to  the  symbols  of 
each  clement  to  indicate  atomic  univalence,  bivalenue,  ti-ivalence, 
qiiadrivalence,  quinquivalencc,  or  sexivalence.  Dashes  (JF,  0'', 
N^^')  similar  to  those  used  in  accentuating  words  are  often  used 
instead  of  figures  in  expressing  quantivalence.  The  quantivalence 
of  elements,  as  they  one  after  another  come  under  notice,  should  be 
carefully  committed  to  memory ;  for  the  composition  of  compounds 
can  often  be  thereby  predicated  with  accuracy  and  remembered  with 
ease.  For  instance,  the  hydrogen  compounds  of  chlorine,  CK,  oxy- 
gen, 0^',  nitrogen,  N^'''',  and  carbon,  C''',  will  be  respectively 
H^CK,  IVfi'',  IFgN^^^,  and  H^,C'^^^— one  univalent  atom,  H', 
balancing  or  saturating  one  univalent  atom,  CV ;  two  univalent 
atoms,  11^2,  and  one  bivalent  atom,  0'^,  saturating  each  other ;  three 
univalent  atoms,  Il^g,  and  one  atom  having  trivalent  activity,  N^^^, 
saturating  each  other  ;  and  four  univalent  atoms,  H^^,  and  one  quad- 
rivalent atom,  C'^'',  saturating  each  other.  Carbonic  acid  gas, 
C"0"2,  again,  is  a  saturated  molecule  containing  one  quadrivalent 
and  two  bivalent  atoms. 

The  subject  of  quantivalence  will  he  further  explained  after  the 
first  six  metals  ham  been  studied,  when  abundant  illustrations  of 
it  will  have  occurred. 


DEFINITIONS. 

Chemistry  is  the  study  of  the  chemical  foi'ce. 

The  Chemical  Force,  like  other  forces,  cannot  be  described,  for, 
like  them,  it  is  only  known  by  its  effects.  It  is  distinguished  from 
other  forces  by  the  facts  that  ((()  it  produces  an  entire  change  of 
properties  in  the  bodies  on  which  it  is  exerted,  and  {h)  that  it  is 
exerted  only  between  definite  weiglits  and  volumes  of  matter.  Like 
the  force  of  cohesion,  which  is  the  name  given  to  the  attraction 
which  molecules  have  for  each  other,  and  which  is  great  in  solids, 
small  in  liquids,  and  apparently  absent  in  gases,  and  like  the  force 
of  adhesion,  which  is  the  name  given  to  the  attraction  which  a  "mass 
of  molecules  has  for  another  mass,  the  chemical  force  acts  only 
within  immeasurable  distances :  indeed,  inasmuch  as  the  chemical 
force  appears  to  reside  in  atoms,  that  is  to  say,  is  exerted  inside  a 
molecule,  while  all  other  forces  affect  entire  molecules,  the  chemical 
force  may  be  said  to  be  distinguished  (r)  l)y  being  exerted  within  a 
smaller  distance  than  that  at  which  any  other  force  is  exerted. 

An  Element  is  a  substance  which  can'^not  by  any  known  means  bo 
resolved  into  any  simpler  form  of  matter. 

An  Atom  of  any  element  ,  is  a  particle  so  small  tliat  it  undergoes 
no  further  subdivision  in  chemical  translbrmations. 

A  Molecule  is  the  smallest  particle  of  matter  that  can  exist  in  a 
free  state. 

A  mere  Mixture  of  substances  is  one  in  which  each  ingredient  re- 
tains its  properties. 

A  Chemical  Compound  is  one  in  Avhich  definite  weights  of.  con- 
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stituents  have  combined,  iiiid  diii-iiig  combination  have  undcrfrono 
an  entire  cluuiiio  of  properties.  A  "compound"  in  pliarmacy  is  an 
intimate  mixture  of  substances,  but  still  only  a  mixture;;  it  is  not  a 
rheinical  compound,  tlie  ingredients  liave  not  entered  into  chemical 
union  or  combination. 

Comhustion  is  a  variety  of  chemical  combination,  a  variety  in 
whicii  the  chemical  union  is  sufficiently  intense  to  produce  heat 
and,  generally,  light. 

The  Law  of  Diff  usion  is  one  under  which  gases  mix  with  each 
other  at  a  rate  which  is  in  inverse  proportion  to  the  square  root  of 
til  ir  relative  weights ;  that  is,  irrespective  of  and  even  in  spite  of 
their  comparative  lightnes.s  or  heaviness. 

A  Chemical  Sijmbol  is  a  capital  letter,  or  a  capital  and  one  small 
letter.    It  has  four  functions,  namely : — 

1.  It  is  short-hand  for  the  name  of  the  element. 

2.  It  represents  one  atom  of  the  element. 

3.  It  stands  for  a  constant  weight  of  the  element — the  atomic 

weight  or  combining  weight. 

4.  Symbols  represent  single  and  equal  rohimes  of  gaseous  ele- 

ments. 

A  Chemical  Formula  represents  a.  molecule  either  of  an  element 
or  of  a  compound.    It  has  four  other  functions : — 

1.  It  indicates  at  a  glance  the  names  of  the  elements  in  the 

molecule. 

2.  Its  symbol  or  symbols,  together  with  a  small  figure  attached 

to  the  foot  of  any  symbol,  show  the  number  of  atoms  in  the 
molecule. 

3.  It  stands  for  a  constant  weight  of  a  compound — the  molecular 

weight — the  sum  of  the  combining  weights  or  of  the  weights 
of  the  atoms  in  the  molecule. 

4.  It  represents  tioo  vohimes  of  the  substance,  if  volatilizable, 

in  the  state  of  gas  or  vapor,  and  the  number  of  volumes 
of  gaseous  elements  from  which  two  volumes  of  any  gas- 
eous compound  were  obtained. 

A  Chemical  Equation  or  a  Chemical  Diagram  is  a  collection  of 
formulae  and  symbols  so  placed  on  paper  as  to  form  a  picture  or 
illustration  of  the  state  of  things  before  and  after  that  metathesis 
(interchange  of  atoms)  of  molecules  which  results  in  the  fornuition 
of  molecules  of  new  substances. 

A  Solid  is  a  substance  the  molecules  of  which  are  more  or  less 
immobile,  though  probably  not  in  alisolute  contact. 

A  Liquid  is  a  suljstunce  the  molecules  of  which  so  freely  move 
about  each  other  that  it  readily  assumes  and  retains  the  form  of 
any  vessel  in  which  it  is  placed. 

A  Gas  is  a  substance  the  molecules  of  which  are  so  far  apart  that 
they  seem  to  have  lost  all  attraction  for  each  other,  and,  indeed,  to 
have  acquired  the  property  of  repulsion  to  such  an  extent  tiiat  they 
are  only  prevented  from  receding  to  a  still  greater  extent  by  the 
|)ressure  of  surrounding  matter.  Motion  is  especially  characteristic 
of  gaseous  fluids. 
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The  Three  Laws  regulating  Chemical  Combination  {either  by 
weight  or  volume). 

First.  A  definite  compound  always  contains  the  same  elements 
and  the  same  proportions  of  those  elements — by  weight  or  volume. 

Second.  When  two  elements  unite  in  more  tlian  one  proportion, 
they  do  so  in  simple  multiples  of  that  proportion. 

Third.  The  proportions  in  which  two  elements  unite  with  a  third 
are  the  proportions  in  which  they  unite  with  each  other. 

Atomic  Weights  are,  first,  the  proportions  in  which  elements  are 
fttund  to  combine  with  each  other  by  weight.  (The  figures  showing 
these  proportions  are  purely  relative,  but  all  chemists  agree  to  make 
this  relation  fixed  by  giving  the  number  1  to  hydrogen.)  Secondly, 
they  ai"e  the  weights  of  equal  volumes  of  elements  in  the  state  of  gas 
(relative  to  1  of  hydrogen). 

Molecular  Weights. — -These  are  the  weights  of  equal  volumes  of 
gases  or  vapors,  under  equal  circumstances  of  temperature  and  pres- 
sure, and  relative  not  to  1  but  to  2  of  hydrogen.  In  the  case  of  non- 
volatile bodies,  molecular  weight  is  deduced  from  the  observed 
analogies  of  the  bodies  with  those  whose  molecular  weight  admits 
of  proof.  The  molecular  weight  of  a  compound  is  the  sum  of  the 
atomic  weights. 

Quantivalence  of  Atoms. — The  observed  power,  force,  or  value 
for  work  of  an  atom — relative  to  1  of  hydrogen. 


The  Learner  is  recommended  to  read  the  foregoing  para- 
graphs ON  the  General  Principles  of  Chemical  Philosophv 
carefully  once  or  twice,  then  to  study  (experimentally,  if 
possible)  the  following  pages,  returning  to  and  reading  over 
THE  General  Principles  from  time  to  time  until  they  are  thor- 
oughly comprehended. 

Minor  Principles  and  Generalizations  will  be  found  scattered 
throughout  the  following  pages. 

Students  of  pure  chemistry,  especially  when  fairly  well  acquainted 
with  chemical  facts,  will  also  find  the  Principles  of  Chemistry,  in- 
cluding the  probable  Constitution  as  distinguished  from  the  mere 
Composition  of  Chemical  Substances,  amply  set  forth  in  Tilden's 
"Chemical  Philosophy,"  one  of  Longman's  series  of  "Text-books 
of  Science." 

QUESTIONS  AND  EXERCISES. 

42.  "What  do  you  understand  by  chemical  action?  Give  ex- 
amples. 

43.  How  is  chemical  force  distinguished  from  other  forces? 

44.  Adduce  evidence  that  elements  exist  in  compounds  ;  that  sul- 
phide of  iron,  for  instance,  still  contains  particles  of  sulphur  and 
iron,  though  it  possesses  properties  so  different  from  those  ele- 
ments. 

4').  Define  the  term  atom. 
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4().  What  condition  is  essential  for  the  manifestations  of  chemical 
force  ? 

47.  Can  an  atom  exist  in  an  uncombined  state?  and  wiion  arc  the 
atoms  of  an  element  most  potent  to  enter  into  chemical  combination? 

48.  What  is  a  molecule  ? 

49.  How  may  the  results  of  chemical  reactions  be  expressed  on 
paper  ? 

50.  Enumerate  the  functions  of  a  symbol. 

51.  Give  the  additional  functions  of  a  chemical  formula. 

52.  Describe  by  a  diagram  or  an  equation  the  reaction  which  en- 
sues when  red-hot  charcoal  is  plunged  into  oxygen  gas. 

53.  Draw  diagrams  representing  the  formation  of  P2O3,  SO2,  and 
Fel.j  respectively. 

54.  Enumerate  the  differences  in  the  physical  conditions  of  the 
molecules  in  a  solid,  a  liquid,  and  a  gas. 

55.  State  the  law  of  constant  proportions. 

56.  State  the  law  of  multiple  proportions. 

57.  State  the  law  of  reciprocal  proportions. 

58.  Give  illustrations  of  the  above  laws. 

59.  Describe  the  origin  and  use  of  the  atomic  theory. 

60.  What  do  you  understand  by  the  atomic  weight,  and  the  mole- 
cular weight  of  an  element? 

61.  Representing  the  weight  of  an  atom  of  hydrogen  as  1,  what 
will  be  the  atomic  weights  of  carbon,  sulphur,  nitrogen,  and  iodine? 
Give  reasons  for  considering  the  stated  weights  to  be  correct. 

62.  In  what  proportion,  by  volume,  do  elements  in  the  gaseous 
state  chemically  combine? 

63.  What  relation  exists  between  the  combining  volumes  of  ele- 
ments in  the  gaseous  state  and  their  atomic  weights  ?  Give  the  ex- 
planation for  this. 

64.  Is  there  any  difference  between  the  molecular  volume  of  a 
simple  or  of  a  compound  gas? 

65.  Define  isomorphism. 

66.  Explain  the  value  of  isomorphism  as  evidence  of  atomic 
weight. 

67.  What  is  to  be  understood  by  the  quantivalence  of  an  element? 
Give  examples  of  univalent,  bivalent,  trivalent,  and  quadrivalent 
atoms. 

68.  How  may  the  quantivalence  of  an  element  be  expressed  in  its 
atomic  .symbol  ? 

69.  Give  the  formula!  of  two  or  three  compounds  in  which  the 
quantivalence  of  one  atom  is  saturated  by  the  combined  quantiva- 
lence of  others. 

The  reader  is  also  recommended  to  question  himself,  or  be  ques- 
tioned, on  the  "  definitions "  given  on  pages  56,  57,  and  58. 


THE  ELEMENTS  AND  THEIR  COMPOUNDS. 


Having  thus  obtained  a  general  idea  of  the  nature  of  HU(di  (do- 
ments  as  have  especial  interest  for  the  medical  and  pharmaceutical 
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student,  and  which  indeed  are  all  with  which  any  student  of  chem- 
istry should  at  present  occupy  his  attention,  we  may  pass  on  to  con- 
sider in  detail  tlie  relations  of  the  elements  to  each  othei\  The  ele- 
ments themselves,  in  the  free  condition,  are  seldom  used  in  medicine, 
being  nearly  always  associated — bound  together  by  the  chemical 
force;  in  this  combined  condition,  therefore,  they  must  be  studied. 
Each  combination  of  elements  or  chemical  compound  will,  in  the 
following  pages,  be  regarded  as  containing  two  parts  or  roots,  two 
radicals ;  the  one  usually  metallic,  or,  to  speak  more  generally, 
basylous ;  the  other  commonly  a  non-metallic,  simple  or  complex, 
acidulous  radical.  The  basylous  radicals,  or  metals,  will  be  consid- 
ered first,  the  acidulous  radicals  afterwards.  Each  radical  Avill  be 
studied  from  two  points  of  view,  the  synthetical  and  the  analytical : 
that  is  to  say,  the  properties  of  an  element  on  which  the  preparation 
of  its  compounds  depends  will  be  illustrated  by  descriptions  of  actual 
e.xperiments,  and  thus  the  principles  of  chemistry,  and  their  appli- 
cation to  medicine  and  pharmacy,  be  simultaneously  learnt;  then  the 
reactions  by  which  the  element  is  detected,  though  combined  with 
other  substances,  will  be  performed,  and  so  the  student  will  be  in- 
structed in  qualitative  analysis.  Synthetical  and  analytical  reac- 
tions are,  in  truth,  frequently  identical,  the  object  with  which  they 
are  performed  giving  them  synthetical  interest  on  the  one  hand,  or 
analytical  interest  on  the  other. 

A  good  knowledge  of  chemistry  may  be  acquired  synthetically  by 
preparing  considerable  quantities  of  the  salts  of  the  different  metals, 
or  analytically  by  going  through  a  course  of  pure  qualitative  anal- 
ysis. But  the  former  plan  demands  a  larger  expenditure  of  time 
than  most  students  have  to  spare,  while  under  the  latter  system  they 
generally  lose  sight  of  the  synthetical  interest  which  attaches  to 
analytical  reactions.  Hence  the  more  useful  system,  now  offered, 
of  studying  each  metal,  etc.,  from  both  points  of  view,  time  being 
economized  by  the  operator  preparing  only  small  specimens  of 
compounds. 

Chemical  synthesis  and  analysis,  thoughtfully  and  conscientiously 
followed,  without  hurry  and  mere  supei-ficial  consideration,  but,  of 
course,  without  undue  expenditure  of  time,  will  insensibly  carry 
the  principles  of  chemistry  into  the  mind,  and  fix  them  there  in- 
delibly. 

POTASSIUM. 

Symbol  K.    Atomic  weight  39. 

Formula  Kj.    Probable  molecular  weight  78. 

Memoranda. — The  chief  sources  of  the  potassium  salts*  are  the 
chloride  found  at  Stassfurt,  in  Prussia,  in  the  form  of  tlie  mineral 
Carnalliie  (chloride  of  potassium  50,  chloride  of  sodium  25,  and 
chloride  of  magnesium  25,  in  100  parts);  the  nitrate  found  in  soils, 
especially  in  warm  countries;  and  the  compounds  of  potassium 


*  The  ill-defined  term  sail  includes  most  solid  chemical  substances, 
but  more  especially  those  which  assume  a  crystalline  fonn. 
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oxistin^  in  plants.  Kauiif,  a  doable  sulphate  of  potassium  and 
niasni'fiiuni,  also  occurs  among  the  Stasslurt  niinei-als.  The  veg- 
etable salts  of"  potassium  are  converted  into  carbonate  (other  salts 
arc  present)  when  the  wood  or  other  parts  are  burned  to  ashes.  If 
the  ashes  be  lixiviated  with  water,  and  the  solution  evaporated  to 
dryness,  the  residue,  when  fused,  constitutes  crude  jwkis/ies.  The 
residue,  calcined  on  the  hearth  of  a  reverberatory  furnace  till  white, 
gives  the  product  termed  'pendasli.  Large  quantities  of  carbonate 
are  thus  produced  in  North  America  and  Russia,  and,  latterly,  from 
the  sugar-beet  marc,  in  France.  From  the  native  chloride  and  from 
the  carbonate  purified  by  treating  the  pearlash  with  its  own  weight 
of  distilled  water,  filtering  and  evaporating  the  solution  until  it 
thickens,  and  stirring  constantly,  "so  as  to  form  a  granular  salt" 
{Potassii  Carbonas,  XJ.  S.  P.),  nearly  all  other  compounds  of  potas- 
sium are  made.  Exceptions  occur  in  cream  of  tartar  {Potassii 
Bifartras,  U.  S.  P.),  which  is  the  more  or  less  purified  natural 
potassium  salt  of  the  grape-vine,  and  in  nitrate  of  potassium.  Po- 
tassium is  a  constituent  of  between  forty  and  fifty  chemical  or 
Galenical  preparations  of  the  British  Pharmacopoeia. 

Carbonate  of  potassium  is  a  white  crystalline  or  granular  powder, 
insoluble  in  alcohol,  very  soluble  in  water,  rapidly  liquefying  in  the 
air  thi'ough  absorption  of  moisture,  alkaline  and  caustic  to  the  taste. 
It  loses  all  water  at  a  red  heat.  Potassii  Carbonas  Funis,  U.  S.  P., 
is  obtained  by  heating  the  bicai'bonate  to  redness :  the  resulting 
white  anhydrous  carbonate  is  converted  into  hydrous  granular  car- 
bonate by  solution  in  water  and  evaporation  until  a  dry  granular 
salt  remains. 

Preparation. — Potassium  itself  is  isolated  with  some  difficulty  by 
distilling  a  mixture  of  its  carbonate  and  charcoal.  It  rapidly  oxi- 
dizes in  the  air,  and  hence  is  always  kept  below  the  surface  of  min- 
eral naphtha,  a  liquid  containing  no  oxygen.  It  crystallizes  in 
octahcdra. 

Qaantivalciice. — -The  atom  of  potassium  is  univalent,  K^. 

Reactions  having  (a)  Synthetical  and  (i)  Analytical  Interest. 

(a)  Synthetical  Reactions. 

These  are  actions  utilized  in  manufacturing  preparations  of  potas- 
sium. The  word  synthesis  is  from  avvOeatg  {san'thesis),  a  putting  to- 
gether, as  opposed  to  analysis,  from  avcMu  {unaluo),  I  resolve. 

Hydrate  of  Potassium.   Caustic  Potash. 

First  Si/ntheti.cal  Rp.action. — Boil  together,  for  a  few  minutes, 
in  a  test-tube,  five  or  six  grains  of  carbonate  of  potassium 
and  a  like  quantity  of  slaked  lime  (Ca2H0)  with  a 
small  ((uantity  of  water.    Sot  the  mixture  aside  in  the  test-tube 
rack  till  all  solid  matter  has  subsided. 

This  liquid  is  a  solution  of  caustic  potash,  or  hydrate  of  potassium 
(KFIO).    Made  of  a  prescribed  strength  (about  5  per  cent.;  ep.  gr. 
1.036),  it  forms  the  Liquor  Pota.isa',  U.  S.  P. 
G 
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The  mixture  is  known  to  be  boiled  long  enough  when  a  little  of 
the  clear  liquid,  poured  into  anothcsr  testrtu))e  and  wanned,  gives  no 
efl'ervesccnee  on  the  addition  of  an  acid  (sulphuric,  liydrochloi'ic,  or 
acetic) — a  test  whose  mode  of  action  will  bo  explained  hereafter. 

In  the  United  States  Pharmacopoeia  the  carbonate  of  potassium 
for  this  ojDoration  is  directed  to  be  obtained  by  boiling  a  solution  of 
the  bicarbonate  until  etfervescence  ceases ;  that  is,  until  the  bicar- 
bonate is  almost  entirely  converted  into  carbonate. 

Best  Method  of  expressing  Demmiiositions. — This  will  be  easy  of 
comprehension  if  what  has  already  been  stated  concerning  symbols 
and  formute,  on  pages  31  to  42,  has  been  carefully  and  thoughtfully 
considered.  The  best  means  of  showing  on  paper  the  action  which 
occurs  when  chemical  substances  attack  each  other  is  by  the  employ- 
ment either  of  equations  or  diagrams,  setting  forth  the  formulas  of 
the  molecules  concerned  in  the  reaction.  In  an  equation  the  form- 
ulas of  the  salts  used  are  written  on  one  line,  the  sign  of  addition 
(+)  intervening ;  the  sign  of  equality  (=)  follows,  and  then  the 
formulae  of  the  salts  produced,  also  separated  by  a  plus  sign  (-f ). 
Thus  :— 

K2CO3  +  Ca2H0  ^  2KH0  +  CaCOj. 

In  this  reaction  (the  operation  just  performed)  the  metals  of  the 
molecules  of  the  two  salts  change  place :  from  K^COg  and  Ca2H0 
there  are  produced  CaCOj  and  KHO  (two  molecules,  2KH0);  from 
carbonate  of  potassium  and  hydrate  of  calcium  there  result  car- 
bonate of  calcium  (the  insoluble  jjortion)  and  hydrate  of  potassium 
(in  solution).* 

In  constructing  a  diar/ram  or  pictorial  illustration  of  a  chemical 
reaction  (the  reaction,  for  instance,  just  described), the  formuljje 
of  the  salts  used  are  written  under  each  other  on  the  left  side  of  the 
leaf  of  a  note-book,  thus : — 

K2CO3 


Ca2II0 

Such  formulje  are,  in  this  Manual,  always  given  with  the  descrip- 
tion of  the  reaction.  Secondly,  on  the  right  is  then  written  the 
formula  of  the  chief  substance  produced,  thus : — 


*  If  the  student  is  already  accustomed  to  the  use  of  ordinary  equa- 
tions, he  may  pass  on  to  Note  1,  on  page  64.  If  not,  the  author  would 
strongly  recommend  the  temporary  employment  of  diagrams  for  ex- 
pressing chemical  changes.  Indeed,  tlie  occasional,  if  not  the  regular, 
use  of  graphic  equations  or  diagrams  is  of  advantage  to  all  students. 
For  while  equation  or  diagram  equally  well  records  the  formul»  of 
the  salts  concerned  in  the  whole  reaction,  (he  diagram  alone  suggests 
the  viode  in  which  its  writer  believes  the  respective  atoms  to  change 
their  positions.  In  the  paragrai)iis  succeeding  the  above,  detailed  ex- 
planations are  given  respecting  the  use  and  construction  of  diagrams. 
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K,CO, 
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KIIO 


Ca2II0 


Thirdhj^  the  formation  of  this  chief  body  under  consideration, 
tliat  is  to  say,  both  the  origin  of  its  elements  and  tlieir  destina- 
tion, is  traced  out  by  the  help  of  brackets  which  show  the  source 
of  the  elements,  and  converging  lines  which  suggest  the  approach 
and  final  union  of  the  elements,  thus : — 


At  this  stage  (at  other  stages,  perhaps,  in  other  reactions)  the 
reader's  own  intelligent  power  of  thought  and  reflection  must  come 
into  exercise.  He  must  reason  somewhat  as  follows :  "  I  am  con- 
verting, and  entirely  converting,  a  quantity  of  carbonate  of  potas- 
sium into  hydrate  of  potassium.  A  molecule,  the  smallest  quantity 
I  can  picture  on  paper,  of  the  carbonate  of  potassium  (KjCOj)  con- 
tains, I  am  told,  two  atoms  of  potassium  (Kj,  and  a  molecule  of  the 
hydrate  (KIIO),  one  atom  (K).  Therefore  each  molecule  of  the  car- 
bonate (K.,CO.,)  will  furnish  two  molecules  of  the  hydrate  (2KnO). 
Moreover,  I  notice  that  in  the  formula  of  a  molecule  of  the  hydrate 
of  calcium  (slaked  lime)  I  employ,  there  are  2  of  the  HO  (that  is, 
2II0),  and  this  fact  confirms  me  in  the  deduction  that  one  molecule 
of  the  carbonate  affords  two  molecules  of  the  hydrate."  The  pupil 
will  then  amend  his  diagram,  thus : — 


Fourthli/,  the  question  as  to  what  becomes  of  the  other  elements 
must  be  cleared  up.  Indeed,  when  the  reader  remembers  that  he  is 
studying  this  reaction  for  the  aid  it  affords  him  in  learning  chemis- 
try, and  not  because  h(!  is  desirous  of  uumuf^xcturing  caustic  potash, 
he  will  sec  that  this  latter  part  of  the  reaction  is  quite  as  important 
iis  th(!  former.  To  complete  the  diagram,  then,  he  must  first  know 
what  other  compound  is  produced  and  its  formula.  The  context  of 
his  Manual  will  generally  afford  this  information,  or,  after  a  little 
experience  is  acquired,  analogi(is  or  his  own  knowledge  will  suggest 
correct  formulae.    In  this  case  carbonate  of  calcium  is  produced. 


KHO 


2II0 


2KII0 


Ca2II0 


G4 
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CaCOj.  (This  product  is,  in  fact,  precipitated  chalk,  together  with 
any  excess  of  slalied  lime  and  any  natural  impurities  in  the  slaked 
lime.  Pure  "  precipitated  chalk  "  is  made  by  an  analogous  reaction 
described  subsequently.) 

The  source  of  the  elements  of  the  carbonate  of  calcium,  and, 
finally,  their  union,  must  be  indicated  just  as  the  source  and  mode 
of  formation  of  the  potash  were  indicated.  That  is  to  say,  after  the 
formula  of  this  second  substance  produced  (CaCOg)  is  Vritten  on  the 
right  of  the  diagram,  thus  : — 


the  source  of  its  elements  is  shown  by  writing  the  symbols  for  those 
elements  on  the  right  of  the  bracket  attached  to  the  formula  con- 
taining the  symbols  of  the  elements,  thus  : — 


Lines  converging  from  the  symbols  of  the  elements  and  uniting  at 
the  formula  of  the  substance  are  then  drawn,  to  suggest  approach 
of  the  atoms  of  the  elements  and  their  union  to  form  a  molecule  of 
the  compound.    The  diagram  will  now  be  complete,  thus : — 


The  formation  of  a  third  product  or  a  fourth  product  would  be 
indicated  in  a  similar  manner. 

Note  1. — It  will  be  seen  that  the  chief  data  required  in  making 
either  equationary  or  diagrammatic  notes  of  decompositions  are  the 
symbolic  formulaj  of  the  various  compounds  employed  and  produced. 
These  formulas  are,  in  this  Manual,  given  whenever  necessary. 
Chemists  obtain  them  in  the  first  instance  by  help  of  quantitative 
analysis.  By  the  same  means  is  olitained  a  check  on  the  proba- 
bilities respecting  the  relative  number  of  molecules  concerned  in  a 
reaction. 
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Note  2. — While  an  equation  or  a  diagram  is  an  attempt  to  picture 
the  reaction  which  ensues  wiien  molecules  of  dift'erent  substances  act 
upon  one  another,  it  necessarily  only  represents  two  or  a  minimum 
number  of  the  molecules.  The  student  will,  of  coarse,  understand 
that  what  is  true  of  these  two  or  three  molecules  is  true  of  the  thou- 
sands or  millions  of  molecules  forming  the  mass  or  whole  quantity 
of  material  on  which  he  experiments. 

Note  on  Nomenclature. — Ilydra'ex  are  bodies  indirectly  or 
directly  derived  from  water  by  one-half  of  its  hydrogen  becom- 
ing displaced  by  an  equivalent  quantity  of  another  radical. 
Thus,  a  piece  of  potassium  thrown  on  to  water  (HHO)  in- 
stantly liberates  hydrogen,  hydrate  of  potassium  (KHO)  being 
formed.  The  temperature  produced  at  the  same  time  is  suffi- 
ciently high  to  cause  ignition  of  the  hydrogen,  which  burns 
with  a  purple  flame  (owing  to  the  presence  of  a  little  vapor  of 
potassium),  while  the  hydrate  of  potassium  remains  dissolved 
in  the  bulk  of  the  water.  This  radical  or  root  or  group  of 
elements  (HO),  common  to  all  hydrates,  is  sometimes  tej-med 
lujdroxyl.  Water  might  be  termed  hydrate  of  hydrogen  or 
hydroxylide  of  hydrogen. 

Explanation. — With  regard  to  the  gi'oup  of  atoms  repre- 
sented by  the  symbols  CO;,  and  HO,  only  a  few  words  need  be 
said  here.  The  former  (CO3)  is  the  grouping  (root  or  radical) 
found  in  all  carbonates ;  it  is  termed  the  carbonic  radical,  and 
is  as- characteristic  of  carbonates  as  potassium  (K)  is  of  potas- 
sium salts.  HO  (hydroxyl)  is  characteristic  of  all  hydrates. 
CO3  is  a  bivalent  root,  HO  is  univalent ;  hence  CO3  is  found 
united  with  two  univalent  atoms,  as  in  cai'bonate  of  potassium, 
KjCOg,  or  with  one  bivalent  atom,  as  in  carbonate  of  calcium, 
CaCO;, ;  and  HO  is  found  united  in  single  proportion  with 
univalent  atoms,  as  in  hydrate  of  potassium,  KHO,  or  in  double 
proportion  with  bivalent  atoms,  as  in  hydrate  of  calcium, 
Ca2H0.  The  quantivalence  of  a  metal  has  only  to  be  learnt, 
and  the  formulae  of  its  carbonate  and  hydrate  are  ascertained 
without  seeing  the  formula  of  either.  The  formulas  of  all  other 
metallic  salts  are  constructed  on  the  same  principle.  But,  be- 
yond committing  to  memory  the  formulae  and  quantivalence  of 
the  various  groupings  characteristic  of  carbonates,  hydrates, 
nitrates,  .sulphates,  acetates,  etc.  (see  the  following  Table), 
special  attention  should  not  at  present  be  devoted  to  the  sub- 
ject of  the  constitution  of  salts,  but  restricted  to  what  may  be 
called  the  metallic  or  basylous  side  of  .salts.  The  formuliX)  and 
quantivalence  of  the  chief  acidulous  groupings  referred  to  and 
the  symbols  and  quantivalence  of  allied  elementary  bodies  are 
included  in  the  following-Table  : — 
6  » 
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Fovmulx  and  Qiiantivalfiicc  of  Ad.duloua  Radicals, 

All  chlorides  contain    ...  CI 
"  bromides 
"  iodides 
"  cyanides 
"  hydrates 
"  nitrates 
"  chlorates 
"  acetates 
"  oxides 
"  sulphides 
"  sulphites 
"  sulphates 
"  carbonates 
"  oxalates 
"  tartrates 
"  citrates 
"  phosphates 
"  borates 

Radicals. — The  above  elements  and  compounds  are  termed 
radicals,  each  being  the  common  root  {i-ndix)  in  a  series  of 
salts.  Why  compound  radicals  (as  NO;,,  SO4,  PO4,  etc.)  differ 
in  quantivalence  cannot  well  be  explained.  Their  constituent 
atoms  doubtless  always  exert  the  same  amount  of  attractive 
force,  nearly  but  not  quite  all  this  force  being  exerted  in  re- 
taining the  atoms  in  one  group,  and  the  remainder  probably 
determining  the  quantivalence.  Some  of  the  compound  radi- 
cals are  obtainable  in  the  free  state,  others  have  yet  to  be 
proved  capable  of  isolated  existence.^'^ 

Pare  Solution  of  Potash. — Solution  of  potash  generally  con- 
tains a  trace  of  alumina  dissolved  from  the  lime  by  the  hot 
alkali,  but  not  enough  to  interfere  with  the  use  of  the  liquid  in 
medicine.  If  the  solution  is  required  for  analytical  purposes, 
it  may  be  obtained  free  from  alumina  by  avoiding  the  employ- 
ment of  heat,  in  the  manner  suggested  by  Redwood.  Half  a 
gallon  is  made  by  mixing  half  a  pound  of  slaked  lime  with 
about  three  pints  of  water,  placing  the  mixture  in  a  half-gallon 
bottle,  and  adding  to  it,  in  small  quantities  at  a  time,  a  sohi- 
tion  of  half  a  pound  of  carboiuite  of  potassium  dissolved  in  the 
other  pint  of  water,  shaking  the  mixture  well  for  several 
minutes  after  each  addition.    The  whole  is  now  set  on  one  side 


*  Some  modern  authors  term  these  roots  radicles,  a  word  more  use- 
fully expressive  of  little  roots  or  rootlets.. 
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till  clear  ;  mid  then,  if  <a  small  quantity  poured  into  a  test-tube 
and  warmed  does  not  eftervesce  on  the  addition  of  hydrochloric 
acid,  the  solution  is  fit  for  use.  If  effervescence  (due  to  car- 
bonic acid  gas)  occurs,  the  mixture  must  be  again  well  shaken. 
If  the  lime  be  good  and  recently  slaked,  and  the  bottle  violently 
shaken  once  every  half  hour,  the  decomposition  will  be  complete 
in  about  ten  or  twelve  hours. 

Solid  PolaxJi. — Solution  of  potash  evaporated  to  dryness  in  a  sil- 
ver or  cleau  iron  vessel  and  the  residue  fused  and  poured  into  moulds 
constitutes  Potassa,  U.  S.  P.  It  often  contains  chlorides,  detected 
by  nitrate  of  silver ;  sulphates,  detected  by  a  barium  salt,  as  de- 
scribed subsequently  in  connection  with  hydrochloric  and  sulphuric 
acids ;  and  silica,  which  is  precipitated  on  adding  a  strong  solution 
to  twice  the  quantity  of  alcohol.  Liquor  Fotassfe,  U.  S.  P.,  may  be 
made  by  dissolving  56  parts  of  this  hydrate  in  944  of  distilled  water, 
or  a  corresponding  quantity  of  potassa  of  any  strength  in  water  so  as 
to  make  1000  parts  by  weight.  Potassa  cum  Culce,  U.  S.  P.,  is  a  gray- 
ish-white powder,  made  by  rubbing  together  equal  weights  of  solid 
potash  and  quicklime. 

Sulphurated  Potash. 

Second  Synthetical  Reaction. — Into  a  test-tube  put  a  few 
grains  of  carbonate  of  potassium  previously  mixed  with  half 
its  weight  of  sulphur.  Heat  the  mixture  gradually  until  it 
ceases  to  effervesce.  The  resulting  fused  mass  poured  on  a 
slab  and  quickly  bottled  is  the  Potasaa  Su/phurata,  Sulphur- 
ated Potassa,  U.  S.  P. 

3K,C03     +    4S,     =    K,SA     +     2K,S3     +  3C0., 

Carbonate  of  Sulphur.  Hyposulpliite  Sulpliide  of  Carbonic 

putussium.  of  potassium.  potassium.  acid  gas. 

As  met  with  in  phiirmacy  this  salt  is  not  a  single  definite  chem- 
ical compound,  but  a  mixture  of  several ;  in  short,  its  chemical 
character  is  well  indicated  by  its  vague  name.  When  fresh,  and  if 
carefully  prepared  with  the  official  proportions  of  dry  ingredients,  it 
is  of  the  color  of  liver  (whence  the  old  name  "liver  of  sulphur"), 
and  consists,  as  shown  by  J.  Watts,  of  the  salts  mentioned  in  the 
foregoing  equation,  together  with  a  little  undecomposed  carbonate 
of  potassium,  with  perhaps  higher  sulphides  of  potassium  (KjS^ 
and  K.2S.-);  but,  rapidly  absorljing  oxygen  from  the  air,  it  soon  be- 
comes green  and  yellow,  sulphite  (KjSO.,)  and  sulphate  of  potassium 
(K2SO,,)  are  formed,  and  ultimately  a  useless  mass  of  dirty-white 
color  results,  consisting  of  suijjhate  and  hyposulphite,  with  generally 
some  carbonate  of  potassium  and  free  sulphur.  Moreover,  if  over- 
heated in  manufacture,  the  hyposulnhite  4(1^28,^03)  is  decomposed 
into  sulphate  I^K^SO.,)  and  sulphide  (K.^ir',,^  of  potassium.  Recently 
made,  ''about  three-fourths  of  its  weight  are  dissolved  by  rectified 
spirit."    It  is  occasionally  employed  in  tiie  form  of  ointment. 
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"  On  triturating  together  10  parts  of  Sulphurated  Potassa  and 
12.69  parts  of  crystallized  sulphate  of  copper  with  00  parts  of 
water,  aud  filtering,  the  filtrate  should  remain  unaffected  by  hydro- 
sulphuric  acid  (presence  of  at  least  56  jDcr  cent,  of  true  sulphide  of 
potassium)."  U.  S.  P. 

The  extremely,  indeed  most  unusually,  complicated  nature  of  the 
reaction,  will  probably  cause  failure  to  any  attempt  by  a  student  to 
draw  out  an  equation  or  a  diagram  of  the  reaction  without  the  aid 
of  the  printed  equation  given  above.  He  may  therefore  content 
himself,  in  this  case,  by  introducing  into  his  note-book  a  diagram 
founded  directly  on  the  equation  and  on  the  numbers  of  molecules 
there  stated.  With  this  printed  equation,  and  the  details  of  con- 
struction of  diagrams  given  in  connection  with  the  first  synthetical 
reaction,  he  will  be  able  to  give  a  diagram. of  this  second  synthet- 
ical reaction  without  troubling  his  reasoning  powers,  while  at  the 
same  time  he  will  be  familiarizing  himself  Avith  the  more  mechanical 
portions  of  a  diagram. 

In  preparing  large  quantities  of  sulphurated  potash,  the  test-tube 
is  rejjlaced  by  an  earthenware  vessel  termed  a  crucible  (from  crux, 
a  cross,  for  originally  a  cross  was  impressed  upon  the  melting-pot 
as  used  by  alchemists  and  goldsmiths  ;  others  derive  the  word  from 
crux,  an  instrument  of  torture,  the  sense  here  being  symbolical). 

Heating  Crucibles. — Crucibles  of  a  few  ounces'  capacity  may  be 
heated  in  an  ordinary  grate-fire.  Larger  ones  require  a  stove  with  a 
good  draught — that  is,  a  furnace.  Even  the  smaller  ones  are  more 
conveniently  and  quickly  heated  in  a  furnace.  Half-ounce  or  one- 
ounce  experimental  porcelain  crucibles  may  be  heated  in  a  spirit-  or 
gas-flame ;  the  air-gas  flame  already  described  being  generally  the 
most  suitable. 


Fig.  12.  Fig.  13.  Fig.  14. 


Crucibles  of  various  forms. 


Acetate  of  Potassium. 

Third  Synthetical  Reaction. — Place  ten  or  twenty  or  more 
grains  of  carbonate  of  potassium  in  a  small  dish,  aiid  saturate 
{satur,  full)  with  acetic  acid ;  that  is,  add  acetic  acid  so  long 
as  eifervescence  is  thereby  produced  ;  the  resulting  liquid  is  a 
strong  solution  of  acetate  of  potassium. 
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Evaporate  most  of  the  water  in  an  open  dish  (see  Figs.  15, 
16),  stirring  with  a  glass  rod*  to  promote  the  evolution  of 
vaj)or ;  a  white  salt  remains,  which  fuses  on  the  further  appli- 
cation of  heat.  This  is  the  official  Acetate  of  Potassium 
(Fotassii.  Acetas,  U.  S.  P.).  If  fused  in  the  open  vessel  the 
acetate  is  liable  to  become  slightly  charred  and  discolored ; 
this  is  prevented  by  transferring  the  solid  residue  to  a  test- 
tube  or  Florence  flask  before  finally  fusing.  It  forms  a  white, 
deliquescent,  foliaceous,  satin-like  mass,  neutral  to  test-paper, 
and  wholly  soluble  in  spirit.  A  ten  per  cent,  solution  in  water 
forms  the  "  Solution  of  Acetate  of  Potash,"  B.  P. 

K,CO,  +  2YLCM,0^  =  2KC,H,0,  -|-  H,0  -h  CO., 

Cni-boimte  of  Acntic  Acotiite  of  Water.  Carbonic 

potassium.  acid.  potassium.  acid  gas. 

Explanation  of  Formula;. — The  formula  for  one  molecule  of 
acetic  acid  (the  acetate  of  hydrogen)  is  IlCjIIgO,,  and  one  of 
acetate  of  potassium,  KCjHsOj.  The  grouping,  CoII^Oj,  is  cha- 
racteristic of  all  acetates ;  it  is  univalent,  and  may  be  shortly 

though  less  instructively  written  A. 

Explanation  of  Process. — When  two  molecules  of  acetic  acid 
(2HC2II3O.J)  and  one  of  carbonate  of  potassium  (K^COg)  react,  two 
molecules  of  acetate  of  potassium  (2KC2H3O2)  and  one  of  carbonic 
acid  (H2CO3)  are  produced,  the  latter  at  once  splitting  up  into  water 
(IIjO)  and  carbonic  acid  gas  (COj),  as  already  shown  in  the  equa- 
tion. 

Diagram  of  the  Reaction. — The  nature  of  the  above  operation  is 
indicated  by  an  equation;  it  (and  succeeding  reactions)  should  be 
expressed  in  the  student's  note-book  as  a  diagram,  and,  if  possible, 
without  the  aid  of  the  equation. 

Note. — The  above  reaction  has  a  general  as  well  as  a  special  syn- 
thetical interest.  It  represents  one  of  the  commonest  methods  of 
forming  salts,  namely,  the  saturation  of  an  acid  with  a  carbonate. 
Carbonates  aflded  to  acetic  acid  yield  acetates,  to  nitric  acid  nitrates, 
to  sulphuric  acid  sulphates.  Many  illustrations  of  this  general  pro- 
cess occur  in  pharmacy. 

Evaporation  of  water  from  a  liquid  is  best  conducted  in 
wide  shallow  vessels  rather  than  in  narrow  deep  ones,  as  the 
steam  can  thus  quickly  diffuse  into  the  air  and  be  rapidly  con- 
veyed away  ;  hence  a  small  round-bottomed  basin,  heated  as 
shown  in  Fig.  1.5,  is  far  more  suitable  than  a  test-tuloc  for  such 
operations.  On  the  manufacturing  scale,  iron,  or  iron  lined 
with  enamel  or  semi-porcelain,  copper,  tinned  copper,  or  solid 

*  Gla.ss  rod  is  usually  purchased  in  the  form  of  long  sticks.  The 
pieces  may  be  cut  to  convenient  lengths  of  from  ()  to  12  inches  (vide 
p.  17),  sharp  ends  being  rounded  off  by  holding  in  a  flame  for  a  few 
minutes. 
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tin  pans  are  used.  Up  to  12  or  18  inches  diameter,  pans, 
basins,  or  dishes,  made  of  Wedgwood  ware  or  porcelain  com- 
position (Fig.  16),  may  be  employed.    Small  dishes  may  be 


Fig.  15.  Fig.  16, 


Evaporatiou  from  small  and  large  basins. 


supported  by  retort-stands  (Fig.  15),  larger  by  cylinders  (Fig. 
16),  to  which  the  dish  is,  if  less  in  diameter  than  the  cylinder, 
adapted  by  such  flat  rings  or  diaphragms  as  are  shown  in  the 
figure. 

Bicarbonate  of  Potassium. 

Fourth  Synthetical  Reaction. — Make  a  strong  solution  of 
carbonate  of  potassium  by  heating  in  a  test-tube  a  mixture  of 
several  grains  of  the  salt  with  rather  less  than  an  equal  weight 
of  water.  Through  the  cooled  solution  pass  carbonic  acid  gas 
slowly  but  continuously ;  after  a  time  a  white  crystalline  pre- 
cipitate of  Acid  Carbonate  or  Bicarbonate  of  Potassium 
(KHCOa),  Pofnssii  Bic.arboiias,  U.  S.  P.,  the  Bicarbonate  of 
Potash  of  old  Pharmacopoeias,  will  be  formed. 

K.COa    +    H,0    -f    CO,    =  2KHCO3 

Carbonate  of  AVater.  Carbonic  Bicarbonate 

potassium.  acid  gas.  of  potassium. 

The  carbonic  acid  gas  necessary  for  this  operation  is  to  1)6  pre- 
pared from  marble,  though  it  might  be  obtained  from  any  carbonate. 
Thus  the  previous  synthetical  reaction  could  be  made  available  for 
this  purpose,  the  carbonic  acid  gas  evolved  on  the  addition  of  the 
acetic  acid  to  the  carbonate  of  potassium  being  conducted  into  a 
strong  solution  of  more  carbonate  of  potassium  by  a  glass  tube  bent 
and  fitted  as  dcscriljed  when  treating  of  oxygen  gas.  But  motives 
of  economy  induce  the  use  of  carbonate  of  calcium,  the  form  known 
as  marble  being  always  employed.  Economy  and  convenience  also 
cause  hydrochloric  acid  to  be"  used  in  preference  to  acetic  or  any 
other. 
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Generate  the  carbonic  acid  gas  by  adding  common  hydro- 
chloric acid,  diluted  with  twice  its  bulk  of  water,  to  a  few 
fragments  of  marble  contained  in  a  test-tube  or  small  flask,  and 
conduct  the  gas  into  the  solution  of  carbonate  of  potassium  by 
a  glass  tube  bent  to  a  convenient  angle  or  angles,  and  fitted  to 
the  test-tube  by  a  cork  in  the  usual  way.  (See  Fig.  10,  though 
no  heat  is  necessary.)  The  tube  may  be  replenished  with 
marble,  or  acid,  or  both,  when  the  evolution  of  gas  is  becoming 
slow.  In  working  on  any  larger  quantity  than  a  few  grains  of 
the  carbonate,  a  wide  delivery-tube  should  be  employed,  or  the 
end  of  the  narrow  tube  occasionally  cleared  from  any  bicar- 
bonate that  may  have  been  deposited  in  it.  The  more  eco- 
nomical official  arrangements  of  the  apparatus  employed  in  this 
process  will  be  described  under  the  corresponding  sodium  salt. 

Deposition  of  the  Bicarbonate  explained. — Bicarbonate  of  potas- 
sium is  to  a  certain  extent  soluble  in  water ;  but  as  it  is  less  so  than 
the  carbonate  of  potassium,  and  as  a  saturated  solution  of  the  latter 
has  been  used,  the  precipitation  of  a  part  of  the  bicarbonate  inevita- 
bly occurs.  In  other  words,  the  quantity  of  water  present  is  suffi- 
cient to  keep  the  carbonate,  but  insufficient  to  retain  the  equivalent 
quantity  of  bicarbonate,  in  solution. 

Properties. — Prepared  on  the  large  scale,  bicarbonate  of  potassium 
occurs  in  colorless,  non-deliquescent,  right  rhombic  prisms  ;  it  has  a 
saline,  feebly  alkaline,  non-corrosive  taste.  Heated  to  redness,  it 
loses  .31  per  cent  of  its  weight,  and  is  converted  into  carbonate 
(KjCOj),  water  (HjO),  and  carbonic  acid  gas  (COj). 

2KHCO3  =  K2CO3  +  HjO  +  CO2 

2)200  2)138        2)J^  2)44 

100  "  69  9  22 


31 

The  foregoing  equation  and  accompanying  molecular  weights  (see 
page  54)  show  how  bicarbonate  of  potassium,  the  molecular  weight 
of  which  happens  to  be  just  100,  must  lose  31  per  cent,  when  com- 
pletely decomposed  by  heat.  By  ebullition  of  its  solution  it  also  is 
soon  almost  wholly  changed  to  carbonate. 

EJferresr.huj  Solution  of  Fotas/i. — A  solution  of  30  grains  of  bi- 
carbonate of  potassium  in  one  pint  of  water,  charged  with  7  times 
its  hulk  (often  less  of  carbonic)  acid  gas  by  pressure,  constitutes  the 
ordmary  "  potash-water,"  the  so-called  Liquor  Polasscc  Effervescens, 

Notes  on  Nomenclature. — The  prefix  Jii-  in  the  name  "  bicarbonate 
of  potassium  "  serves  to  recall  the  fact  that  to  a  given  amount  of 
potassium  this  salt  contains  twice  as  much  carbonic  radical  as  the 
carbonate.  The  salt  is  really  a  "  carbonate  of  potassium  and  Jiydro- 
gf.n  "  (KIICO3)  j        intermediate  between  carbonate  of  potassium 
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(K2CO3)  and  carbonate  of  hydrogen,  or  true  carbonic  acid  (II.^COj) ; 
it  is  "acid  carbonate  of  potassium  "  or  "  liydric  potassium  carbonate." 
Hence  in  constitution  it  is  an  acid  salt,  althougli  not  acid  to  the 
taste. 

Salts  whose  specific  names  end  in  the  syllable  "aie"  (carbonate, 
sulphate,  etc.)  are  in  general  conventionally  so  termed  when  they 
contain  an  acidulous  radical,  or  the  characteristic  elements  of  an 
acid  whose  name  ends  in  "ze,"  and  from  which  acid  they  have  been 
or  may  be  formed.  Thus  the  syllabic  "  aie,"  in  the  words  sulph,7)'e, 
nitrate,  acetate,  carbonate,  etc.,  indicates  that  the  respective  salts 
contain  a  radical  whose  name  ended  in  ic,  the  previous  syllables, 
sulph-,  nitr-,  acet-,  carbon-,  indicating  what  that  radical  was — the 
sulphuric,  nitric,  acetic,  or  carbonic.  Occasionally  a  letter  or  syl- 
laVjle  is  dropped  from  or  added  to  a  word  to  render  the  name  more 
euphonious ;  thus  the  sulphuric  radical  forms  sulphates,  not  sul- 
phurates. 

Citrate  of  Potassium. 

Fifth  Syntlietical  Reaction. — Dissolve  a  few  grains  or  more 
of  bicarbonate  (or  8  parts)  of  potassium  in  water,  and  add  (6 
parts  of)  citric  acid  (H^jCgHjO^)  until  it  no  longer  causes  effer- 
vescence. The  resulting  liquid  is  a  solution  of  citrate  of  potas- 
sium (K:,C6H507)  (^Liquor  Potasm  Cttratis,  U.  S.  P.,  sp.  gr.  1.059). 
Evaporated  to  dryness,  in  an  open  dish,  a  pulverulent  or  granular 
residue  is  obtained,  which  is  the  official  Potasdi  Citras,  U.  S.  P., 
a  white  deliquescent  powder. 

bKHCOa  +  H3CBH5O,  =  K,C„H,0,  +  3H,0  -f  3C0, 

Carbonate  of  Citric  acid.  Citrate  of  Water.  Carbonic 

potassium.  pota.ssium.  acid  gas. 

Citrates. — The  citric  radical  or  group  of  elements,  which  with 
three  atoms  of  hydrogen  forms  a  molecule  of  citric  acid,  and  with 
three  of  potassium  citrate  of  potassium,  is  a  trivalent  grouping ; 
hence  the  three  atoms  of  potassium  in  a  molecule  of  the  citrate. 
The  full  chemistry  of  citric  acid  and  other  citrates  will  be  subse- 
quently described. 

Nitrate  of  potassium  (KNO3)  (Potassii  Kitras,  U.  S.  P.)  and  Sul- 
phate of  potassium,  (KjSO^)  {Potassii  SvlpJias,  U.  S.  P,)  could  ob- 
viously also  be  made  by  saturating  nitric  acid  (IINO3),  and  sul- 
phuric acid  (HjSO^),  respectively,  by  carbonate  of  potassium.  Prac- 
tically, they  are  not  made  in  that"  way — the  nitrate  occurring,  a.s 
already  stated,  in  nature,  and  the  sulphate  as  a  by-product  in  many 
operations.  Both  salts  will  be  hereafter  alluded  to  in  connection 
with  nitric  acid. 

Tartrate  of  Potassium. 

Sixth  Si/ntheliral  Reaction. — Place  a  few  grains  of  car- 
bonate of  potassium  in  a  test-tube  with  a  little  water,  beat 
to  the  boiling-point,  and  then  add  acid  tartrate  of  potassium 
(KHCjH^Oo  or  KHT)  till  there  is  no  more  effei-vescence ;  a 
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solution  of  neutral  tartrate  of  potassium  (K>T)  results,  the 
Potasm'i  Tartrns  of  the  United  States  Pharmacopoeia,  the  old 
"  Soluble  Tartar."  Crystals  (4-  or  0-sidcd  prisms)  may  be 
obtained  on  concentrating  the  solution  by  evaporation  and 
setting-  the  hot  liquid  aside.  Larger  quantities  are  made  in 
the  same  way,  20  of  acid  tartrate  and  9  of  carbonate  (with  50 
of  water)  being  about  the  proportions  necessary  for  neutrality. 

2KHC^HA   +   K,CO:,  =  2K,C,M^0„  +  H,0  +  CO, 

Acid  turtnite  of  CiiflHmnto  of        Neutral  tai  trato  Water.  Caibooic 

putii&tium.  potiissiuui.  of  potassium.  acid  gas. 

Tartrates. — CJI^Og  are  the  elements  characteri.stic  of  all  tar- 
trates ;  they  form  a  bivalent  groupinf;; ;  hence  the  formula  of  the 
hyilrogcn  tartrate,  or  tartaric  acid,  i.s  H^C^HjOg ;  that  of  the  potas- 
sium tartrate  K.^CjIT^Og ;  of  the  intermediate  salt,  the  acid  potas- 
sium tartrate  (cream  of  tartar),  KIIC^H^Og.  If  the  acid  tartrate  of 
one  metal  and  the  carbonate  of  another  react,  a  neutral  dimetallic 
tartrate  results,  as  seen  in  Rochclle  salt  (KNaC.jH.,06,  4H,0),  the 
Soda  Tartarata  of  the  British  Pharmacopoeia  {Potassii  ei  Sodii 
Tartras,  U.  S.  P.). 

Acid  salts  (e.  g.  KIIC^H^Og),  that  is,  salts  intermediate  in  compo- 
sition between  a  normal  or  neutral  salt  (e.  g.  K^CtH^Og)  and  an  acid 
{e.  g.  H.^CjII^Og),  will  frequently  be  met  with.  AH  acidulous  radi- 
cals, except  those  which  are  univalent,  may  be  concerned  in  the  for- 
mation of  such  acid  salts. 

Iodide  of  Potas&ium. 

Seventh  Syntliet leal  Reaction. — To  a  solution  of  potash,  heated 
in  a  test-tube,  or  flask,  or  an  evaporating-basin,  according  to 
quantity,  add  a  small  quantity  of  solid  iodine.  The  deep  color 
of  the  iodine  disappears  entirely.  This  is  due  to  the  formation 
of  the  colorless  salts,  iodide  of  potassium  (KI)  and  iodate  of 
potassium  (KIO3),  which  remain  dissolved  in  the  liquid.  Con- 
tinue the  addition  of  iodine  so  long  as  its  color,  after  a  few 
nnnutes'  warming  and  stirring,  disappears.  When  the  whole 
of  the  potash  in  the  solution  of  potash  has  been  converted  into 
the  salts  mentioned,  the  slight  excess  of  iodine  remaining  in 
the  liquid  will  color  it,  and  thus  show  that  this  stage  of  the 
operation  is  completed. 

GKHO         .31,    =    5KI    -f    KIO3    -f  3H,0 

Hydrate  of  Iodine.  Iodide  of  Iodate  of  Water, 

potassium.  potassium.  potassium. 

Scparniion  of  the  Iodide  from  the  Iodate. — Evaporate  the 
solution  to  dryness.  If  each  salt  were  rc(|uired,  the  resulting 
solid  mi.\ture  might  be  digested  in  spirit  of  wine,  which  dis- 
solves the  iodide,  but  not  the  iodate.  But  the  iodide  only  is 
used  in  medicine.  Mix  the  residue,  therefore  (reserving  a 
7 
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grain  or  two  for  a  subsequent  experiment),  with  about  a  twelfth 
of  its  weight  of  charcoal,  and  gently  heat  in  a  test-tube  or 
crucible  until  slight  deflagration  ensues.* 

The  crucible  may  be  held  in  a  spirit  or  air-gas  flame,  or 
other  fire,  by  tongs.  (Scissors-shaped  and  other  "  crucible- 
tongs  "  are  sold  by  all  makers  of  apparatus.)  Under  these 
circumstances  the  iodide  remains  unaffected ;  but  the  iodate 
loses  all  its  oxygen,  and  is  thus  also  reduced  to  the  state  of 
iodide. 

2KIO3     +     3C,     =     2KI     +  6C0 

Iodate  of  Carbuu.  Iodide  of  Carbonic 

potansiuni.  potassium.  oxide. 

Treat  the  mass  with  a  little  water,  and  filter  to  separate  ex- 
cess of  charcoal ;  a  solution  of  pure  iodide  of  potassium  results. 
{Potasdi  lodidum,  U.  S.  P.)  The  latter  may  be  used  as  a  re- 
agent or  it  may  be  evaporated  to  a  small  bulk  and  set  aside  to 
crystallize. 

"  Solution  of  Iodate  of  Potassium  "  is  official  (B.  P.)  as  a  test- 
liquid. 

Pro2}erties. — Iodide  of  potassium  crystallizes  in  small  cubical  cry.s- 
tals,  very  soluble  in  water,  less  so  in  spirit.  One  part  in  twenty  of 
water  forms  "  Solution  of  Iodide  of  Potassium,"  U.  S.  P.  Exposed 
to  air  and  sunlight,  pure  iodide  of  potassium  becomes  slightly  brown 
owing  to  the  liberation  of  iodine.  Under  these  circumstances  a  little 
carbonate  of  potassium  is  produced  by  action  of  the  atmospheric 
carl)onic  acid  and  a  little  hj^driodic  acid  (HI)  is  set  free,  and  the 
latter,  attacked  by  oxygen,  yields  a  trace  of  water  and  of  free  iodine. 
The  ozone  in  the  air  (see  "  Ozone  "  in  Index)  may  also  contribute  to 
the  liberation  of  iodine  from  such  compounds  as  iodide  of  potassium. 

The  addition  of  charcoal  in  the  above  process  is  simply  to  facili- 
tate the  removal  of  the  oxygen  of  the  iodate  of  potassium.  Iodate 
of  potassium  (KIO3)  is  analogous  in  constitution,  and  in  composition, 
so  far  as  the  atoms  of  oxygen  are  concerned,  to  chlorate  of  potassium 
(KCIO.,),  which  has  already  been  stated  to  be  more  useful  than  any 
other  salt  for  the  actual  preparation  of  oxygen  gas  itself  Hence  the 
removal  of  the  oxygen  of  the  iodate  might  be  accomplished  by  heat- 
ing the  residue  without  charcoal.    In  that  case  the  liberated  oxygen 


*  If,  in  the  operation  of  heating  iodate  of  pota-ssinm  with  charcoal, 
excess  of  the  latter  be  emph)yed,  sliglit  incandescence  rather  tlian 
deflagration  occurs;  if  tlie  charcoal  be  largely  in  excess,  the  reduc- 
tion of  the  iodate  to  iodide  of  potassium  is  effected  without  visible 
deflagration  or  even  incandescence. 

Deflagration  means  violent  burning,  from  fl  igrntiis,  burnt  (fia'jro,  I 
burn),  and  de,  a  prefix  augmenting  the  sense  of  the  word  to  which  it 
may  be  attached.  Paper  thrown  into  a  fire  simply  burns,  nitre  defla- 
grates. Dc-tonate  (delono)  is  a  precisely  similar  word,  meaning  to  ex- 
plode with  violent  noise. 
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would  be  detected  t-n  inserting  the  incandescent  extremity  of  a  strip 
of  wood  into  the  month  of  the  test-tube  in  which  the  mixture  of 
iodide  and  iodate  liad  been  heated.  The  charcoal,  however,  burns 
out  the  oxygon  more  quickly,  and  thus  economizes  both  heat  and 
time. 

Note. — The  formula  of  iodide  of  potassium  (KI)  shows  that  the 
salt  contahis  potassium  and  iodine  in  atomic  proportions.  A  refer- 
ence to  the  table  of  atomic  weights  at  the  end  of  the  volume,  and  a 
rule-of-three  sum,  would  therefore  show  what  weight  of  salt  is  pro- 
ducible from  any  given  weight  of  iodine. 

Ditection  of  Iodate  in  Iodide  of  Potasaium. — Iodate  of  po- 
tassium remaining  as  an  impurity  in  iodide  of  potassium  may 
p  be  detected  by  adding  to  a ,  solution  of  tlie  latter  salt  some 
weak  acid  (say  tartaric),  shaking,  and  then  adding  mucilage  of 
starch ;  blue  "  iodide  of  starch  "  is  formed  if  a  trace  of  iodate 
be  present,  not  otherwise.  By  the  reaction  of  the  added  acid 
and  the  iodate  of  potassium,  iodic  acid  (HIO3)  is  produced, 
and  by  reaction  of  the  added  acid  and  the  iodide  of  potassium, 

Ihydriodic  acid  (HI)  is  produced ;  neither  of  these  two  acids 
alone  attacks  starch,  but  by  reaction  on  each  other  they  give 
rise  to  free  iodine,  which  then  forms  the  blue  color.  This  ex- 
periment should  be  tried  on  a  sample  of  pure  iodide  of  potas- 
sium and  on  a  grain  or  two  of  the  impure  iodide  reserved  from 
the  previous  experiment. 

HIO3  +  SHI  =  3H,0  -f  3I2 

Note  on  Nomendature. — The  .syllable  ide  attached  to  the  syllable 
<Vx/,  in  the  name  "  iodide  of  potassium,"  indicates  that  the  element 
iodine  \s  combined  with  the  potassium.  An  wAate,  as  already  ex- 
plained, is  a  salt  containing  the  characteristic  elements  of  loMc  acid 
and  of  all  iodic  compounds.  Salts  one  of  whose  names  ends  in  ide 
are  those  which  are,  or  may  be,  formed  from  elements.  The  names 
of  salts  which  are,  or  may  be,  formed  from  compounds  include  other 
.syllables,  ate  being  one  (see  page  72).  The  only  other  syllable  is 
ite,  which  is  included  in  the  names  of  salts  which  are,  or  may  be, 
formed  from  acids  and  radicals  whose  names  end  in  ons :  thus  hypo- 
sulph(Ye  of  .sodium,  etc.  To  recapitulate  :  A  salt,  whose  name  ends 
in  ate  contains  a  compound  acidulous  radical  whose  name  ends  in  ic  : 
a  saltwho.se  name  ends  in  ite  contains  a  compound  acidulous  radical 
whose  name  ends  in  oun ;  a  salt  whose  name  ends  in  ide  contain.s  an 
element  for  its  acidulous  radical.  Thus  sulph/V/e  relates  to  sulphur, 
sulph/7e  to  the  Hul])hurou.s  radical,  sulph«ie  to  the  sulphuric  radical, 
and  so  on  with  other  "  ide.s,"  "  ites,"  or  "  ates." 

Bromide  of  Pottifi.iium  (Pofa.ssii  Bromidum,  U.  S.  P.) — This  salt 
IS  identical  in  con.stitution  with  iodide  of  jjotassium,  and  may  bo 
imule  in  exactly  the  same  way,  bromine  being  substituted  for  iodine. 
The  formula  of  bromic  acid  is  IIBrO^.  It  will  be  noticed  that  the 
following  eipiations  arc;  similar  in  character  to  those  showing  the 
pHiparation  of  iodide  of  potassium: — 
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OKIIO  +     3Br.,  -=      5KRr     +     KBrO.,  +  3H,0 

Hydrate  of             Bromiae.  Bromiile  of  Bromat(!  of  Water, 

potassium.  potassium.  jwiassium. 


2KBiO.,    +    3C,,   =    2KBr    +  6C0 

Bromate  of         Carbou.        Bromide  of  Carbonic 
potiisaium.  potassium.  oxide. 

Bromide  of  potassium  may  also  be  made  by  decomposing  solution 
of  bromide  of  iron  (FeBr.,)  by  solution  of  pure  carbonate  of  potas- 
sium (K.^COg),  evaporating  and  crystallizing. 

Manganates  of  Potassium. 

Eighth  Synthetical  Reaction. — Place  a  fragment  of  solid 
caustic  potash  (KHO),  with  about  the  same  quantity  of  chlo- 
rate of  potassium  (KCIO3),  and  of  black  oxide  of  manganese 
(MnO.^)  on  a  piece  of  platinum  foil.*  Hold  the  foil  by  a  small 
pair  of  forceps  or  tongs  in  the  flame  of  a  blowpipe  for  a  few 
minutes  until  the  fused  mixture  has  become  dark  green — ap- 
parently black.  This  color  is  that  of  manganate  of  ^Mtasuum 
(K,,Mnb,). 

6KH0  +  KCIO3  +  3MnO.,  =  3K.,MnO,  +  KCl  +  3H.,0 

Ryrtrato  of      Clilorate  of     Black  o.xide  of     Manganate  of      Chloride  of  Water, 
potassium.      potassium.       maugauese.  potassium.  putassium. 

Ninth  Synthetical  Reaction, — Permanganate  of  Potassium, 
(K.2Mn^0g)  (Potdssii  Permanganas,  U.  S.  P.),  which  is  purple, 
is  obtained,  or  rather  a  solution  of  it,  on  placing  the  foil  and 
its  adherent  mass  in  water,  and  boiling  for  a  short  time. 

3K.,MnO,  +    2H.,0  =   K.^Mn^Og  +   4KH0   +  iMnO., 

Manganate  of  Water.  Permanganate  Hydinte  of         Black  oxide 

potassium.  of  potassium.  potassium.       of  manganese. 

On  the  large  scale,  the  potash  set  free  in  the  reaction  is  neutral- 
ized by  sulphuric  or  carbonic  acid,  and  the  solution  evaporated  to 
the  crystallizing  point.  Further  details  will  be  given  in  connection 
with  manganese. 

Solutions  of  manganate  or  permanganate  of  potassium  and  of 
sodium  so  readily  yield  their  oxygen  to  organic  matter,  that  they 
are  used  on  the  large  scale  as  "disinfectants,  under  the  name  of 
"  Condy's  Disinfecting  Fluids." 

Synthetical  Reactions  bringing  under  consideration  tlie  remaining 
official  compounds  (namely,  bichromate,  arsenite,  chlorate,  cyaiv 


*  The  foil  may  be  1  inch  broad  by  2  inches  long.  No  ordinary  flame 
will  melt  the  platinum;  fused  caustic  alkalies  onlv.slowlv  corrode  it,  and 
very  few  other  chemical  substances  affect  it  at  all ;  hence  tlie  same  piece 
maybe  used  in  experimenting  over  and  over  again.  Most  metals  form 
a  fusible  alloy  with  platinum,  and  phosi)liorus  rapidlv  attacks  it,  iience 
such  substances,  as  well  as  mixtures  likelv  to  vield"  them,  should  be 
heated  in  a  small  porcelain  crucible. 
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iile,  ferrocyanide,  and  ferridcyanide  of  potassium)  are  defcrrnd  at 
present. 

(!>)  Itcactions  having  Analytical  Interest  (Tests). 

Kote. — Tlicso  arc  reactions  utilized  in  searching  for  small  quanti- 
ties of  a  substance  (in  the  present  instance  of  potassium)  in  a  sohi- 
tion.  They  are  best  performed  in  test-tubes  or  other  small  vessels. 
Each  should  be  expressed,  in  the  form  of  an  equation  or  diagram,  in 
the  student's  note-book.  All  previous  or  future  equations  given  in 
this  volume  should  he  transferred  to  the  note-book  in  the  form  of 
diagrams,  constructed  as  desa-ibed  on  pages  63  and  64,  unless  the 
student  can  with  ease  construct  the  equations  without  the  aid  of  the 
manual. 

First  AnaJytical  Reaction.^ — To  a  solution  of  any  salt  of 
potassium  (chloride.f  for  example)  add  a  few  drops  of  hydro- 
chloric acid  and  of  a  solution  of  perchloride  of  platinum 
(PtCli),  and  stir  the  mixture  with  a  glass  rod ;  a  yellow  gran- 
ular or  slightly  crystalline  precipitate  J  slowly  forms.  (The 
precipitate  is  the  double  chloride  of  platinum  and  potassium, 
and  its  composition  is  expressed  by  the  formula  PtCl42KCl.) 

Memoranda.^ — When  the  precipitate  is  long  in  forming,  it  is  some- 


*  As  already  indicated,  chemical  reactions  are  scarcely  analyt'cal 
or  syntlietical  in  themselves,  but,  rather,  performed  with  an  analytical 
or  synthetical  object.  Indeed,  not  unfreqnently  one  and  the  same  re- 
action is  both  a  synthetical  and  an  analytical  reaction.  Thus  th's 
firet,  so-called,  " analytical  reaction"  is  a  synthetical  reaction  if  per- 
formed with  the  object  of  preparing  a  specimen  of  the  double  chloride 
of  platinum  and  potassium.  It  is  an  analytical  reaction,  or,  rather, 
has  analytical  interest,  if  performed  with  the  object  of  demonstrating 
the  presence  of  potassium.  Chemical  reactions  in  themselves  are 
operations,  not  so  much  of  analysis  (resolution)  or  synthesis  (combina- 
tion) or  of  analysis  and  synthesis  conjoined,  as  of  what  has  sometimes 
times  been  termed  metathesis  (transposition).  Molecules  are  not  torn 
to  atoms  in  an  operation  performed  with  an  analytical  object,  nor  are 
the  atoms  put  together  or  set  together  in  an  operation  (perhaps  the 
same  operation)  performed  with  a  synthetical  object:  but  in  both 
operations  the  atoms  of  the  molecules  imdergo  metathesis,  that  is, 
exchange  places,  or  are  transposed.  In  short,  cliemists.  use  the  words 
"analytical"  and  "synthetical"  in  a  conventional  rather  than  a 
strictly  etymological  sense. 

t  A  few  fragments  of  carbonate  of  potassium,  two  or  three  drops  of 
hydrochloric  acid,  and  a  small  quantity  of  water,  give  a  solution  ot 
chloride  of  potiissium  at  once,  K^CU,  f  2IIC1  ^  2KG1  +  11,0  +  CO.^. 

J  By  precipitation  (frohn  prcecipilo,  to  throw  down  suddenly)  is  simply 
meant  the  formation  of  particles  of  solid  in  a  licjuid,  no  matter  whether 
the  solid,  the  precipitate,  subsides  or  floats. 

?  Experiments  with  such  expensive  reagents  as  perchloride  of  plat- 
inum  are  economically  peribrmed  with  watch-glasses,  drops  of  the 
liquid  being  operated  ou. 

7  » 
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times  of  an  orange-yellow  tint.  If  iodide  of  potassium  happen  to 
be  the  potassium  salt  under  examination,  some  iodide  of  platinum 
(Ptl^)  will  also  be  formed,  giving  a  red  color  to  the  solution,  and  a 
larger  quantity  of  the  precipitant  (that  is,  the  precipitating  agent) 
will  be  required. 

Precaution.- — Only  chloride  of  potassium  forms  this  characteristic 
compound ;  hence,  if  the  potassium  salt  in  the  solution  is  known  not 
to  be  a  chloride,  or  if  its  composition  is  unknown,  a  few  drops  of 
hydrochloric  acid  must  be  added,  otherwise  some  of  the  perchloride 
of  platinum  will  be  utilized  for  its  chlorine  only,  the  platinum  being 
wasted.  Thus,  if  nitrate  of  potassium  (K.NO3)  be  present,  a  few 
drops  of  hydrochloric  acid  enable  the  potassium  to  assume  the  form 
of  chloride  when  the  perchloride  of  platinum  is  added,  nitric  acid 
(HNOg)  being  set  free. 

Explanation. — The  precipitate  is,  practically,  insoluble  in  water. 
It  is  for  this  reason  that  a  very  small  quantity  of  any  soluble  potas- 
sium salt  (or,  rather,  of  the  potassium  in  that  salt)  is  thrown  out  of 
solution  by  perchloride  of  platinum. 

Note  on  Nomenclature. — When  distinct  molecules  of  salts  unite 
and  form  a  single  crystalline  compound,  the  product  is  termed  a 
double  salt.  The  double  chloride  of  potassium  and  platinum  is 
such  a  body. 

Acid  Tartrate  of  Potassium. 

Second  Analytical  Reaction. — To  any  solution  of  any  salt 
of  potassium  add  excess  of  strong  solution  of  tartaric  acid 
(HjCiHjOg),  and  shake  or  well  stir  the  mixture  ;  a  white  gran- 
ular precipitate  of  acid  tartrate  of  potassium  (KHCiHiOg) 
will  be  formed. 

Note. — By  "  excess  "  of  any  test  liquid  (such  as  the  "  solution  of 
tartaric  acid  "  just  mentioned)  is  meant  such  a  quantity  as  is  probably 
rather  more  than  sufficient  to  convert  the  whole  weight  of  the  com- 
pound attacked  into  the  compound  produced.  Thus,  in  the  present 
case  enough  acid  must  be  added  to  convert  the  whole  of  the  potas- 
sium salt  operated  on  into  acid  tartrate  of  potassium.  What  the 
weight  of  salt  operated  on  was  must  be  mentally  estimated,  roughly, 
by  the  operator.  It  is  not  necessary  in  analj^zing  to  know  the  exact 
weights  of  salts  employed.  The  analyst  must  use  his  judgment, 
founded  on  his  knowledge  of  the  reaction  (as  shown  l)y  an  equation) 
and  of  the  molecular  weights  of  the  substances  employed  in  the 
reaction  as  well  as  by  the  rough  estimate  of  the  amount  of  material 
on  which  he  is  experimenting. 

Limits  of  the  Test. — Acid  tartrate  of  potassium  is  soluble  in  about 
180  parts  of  cold  and  in  6  parts  of  boiling  water.  Hence,  in  apply- 
ing the  tartaric  test  for  potassium,  the  solutions  must  not  be  hot! 
Even  if  cold,  no  precipitate  will  be  obtained  if  the  solutions  arc 
very  dilute.  This  test,  therefore,  is  of  far  less  value  than  the  first 
mentioned.  The  acid  tartrate  of  potassium  is  less  soluble  in  diluted 
alcohol  than  in  water;  so  that  the  addition  of  spirit  of  wine  renders 
the  reaction  somewhat  more  delicate. 
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Cream  of  Tartar. — The  ]>reeii)itiito  is  the  Bitartraie  or  Acid  Tar- 
trate of  Fotansiiun  {Potassii  Bitarlran,  U.  S.  P.),  though  the  official 
preparation  is  not  formed  in  the  above  manner ;  on  the  contrary, 
the  acid  is  derived  from  the  salt,  which,  mixed  with  tartrate  of  cal- 
cium, occurs  naturally  in  the  juice  of  many  plants. 

Memorandum. — When  the  tartaric  acid  is  added  to  the  salt  of 
potassium,  and  the  acid  tartrate  formed,  the  acid  whose  chief  ele- 
ments were  previously  with  the  potassium  is  set  free ;  and  in  such 
acid  solutions  the  acid  tartrate  is  souiewhat  soluble.  To  prevent 
loss  on  this  account,  acid  tartrate  of  sodium,  or  Bitartrate  of  So- 
dium, U.  S.  P.,  NaHCJIjOg,  II.p,  a  salt  tolerably  soluble  in  water, 
mav  be  used  as  a  test  instead  of  tartaric  acid  (Plunkott).  The 
soduim,  uniting  with  the  acidulous  radical,  thus  gives  a  neutral 
instead  of  an  acid  solution.  But  this  advantage  is  of  less  import- 
ance from  the  fact  that  more  water  is  introduced  by  the  saturated 
solution  of  acid  tartrate  of  sodium  than  by  a  saturated  solution  of 
tartaric  acid. 

Third  Analytical  Reaction. — The  flame-te\t.  Dip  the  looped 
end  of  a  platinum  wire  into  a  solution  containing  a  potassium 
salt,  and  introduce  the  loop  into  the  lower  part  of  a  spirit- 
flame,  the  flame  of  a  mixture  of  gas  and  air,  a  blowpipe  flame, 
or  other  slightly  colored  flame.  A  light  violet  or  lavender  tint 
will  be  communicated  to  the  flame,  an  efiFect  highly  character- 
istic of  salts  of  potassium. 

Funrth  Analytical  Fact. — Salts  of  potassium  are  not  vola- 
tile. Place  a  fragment  of  carbonate,  nitrate,  or  any  other  po- 
tassium salt,  on  a  piece  of  platinum  foil,  and  heat  the  latter 
in  the  flame  of  a  lamp  ;  the  salt  may  fuse  to  a  transparent 
liquid  and  flow  freely  over  the  foil,  water  also  if  present  will 
escape  as  steam,  and  black  carbon  be  set  free  if  the  salt  hap- 
pen to  be  a  tartrate,  citrate,  etc. ;  but  the  potassium  compound 
itself  will  not  be  vaporized.  This  is  a  valuable  negative  prop- 
erty, as  will  be  evident  when  the  analytical  reactions  of  ammo- 
nium come  under  notice. 


QUESTIONS  AND  EXERCISES. 

70.  Name  the  sources  of  Potassium. 

71.  Give  the  source,  formula,  and  characters  of  Carbonate  of 
Potassium. 

I'l.  Distinguish  bctwecsn  synthetical  and  analytical  reactions. 
7-j.  How  is  the  official  Liquor  Fota.ssce  pre[)ared  ? 

74.  AVhat  is  the  systematic  name  of  Caustic  Potash  ? 

75.  State  the  chemical  formula  of  Caustic  Potash. 

76.  Construct  an  equation  or  diagram  expressive  of  the  reaction 
between  Carbonate  of  Potassium  and  slaked  lime. 

77.  Define  ji  /ujdrale. 
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78.  What  group  of  atoms  is  characteristic  of  all  carbonates  ? 

79.  Define  the  term  radical. 

80.  How  is  "  Sulphurated  Potash  "  made,  and  of  what  salts  is  it  a 
mixture  ? 

81.  What  is  the  formula  of  the  acetic  radical — the  radical  of  all 

acetates  ? 

82.  Draw  a  diagram  showing  the  formation  of  Acetate  of  Potas- 
sium. 

83.  Give  a  general  process  for  the  conversion  of  carbonates  into 
other  salts. 

84.  AVhat  is  the  difference  between  Carbonate  and  Bicarbonate  of 
Potassium '?    How  is  the  latter  prepared  ? 

85.  What  is  the  relation  between  salts  whose  specific  names  end 
in  the  syllable  "  aife,"  and  acids  ending  in  "  ia"  ? 

86.  Draw  out  diagrams  or  equations  descriptive  of  the  formation 
of  Tartrate  of  Potassium  from  the  Acid  Tartrate,  and  Citrate  from 
the  Carbonate  of  Potassium. 

87.  Distinguish  between  a  normal  and  an  acid  salt. 

88.  How  is  Iodide  of  Potassium  made?  Dlustratc  the  process 
either  by  diagrams  or  equations. 

89.  Describe  the  appeai-ance  and  chemical  properties  of  Iodide  of 
Potassium. 

90.  Work  out  a  sum  showing  how  much  Iodide  of  Potassium  is 
producible  from  1000  grains  of  Iodine?    Ans.  1307  grains. 

91.  Give  a  method  for  the  detection  of  lodate  in  Iodide  of  Potas- 
sium.   Explain  the  reaction. 

92.  ILas  the  syllable  "i(ie"  any  general  significance  in  chemical 
nomenclature  ? 

93.  What  are  the  differences  between  sulphides,  sulphites,  and 
sulphates  ? 

94.  Mention  the  chemical  relations  of  Bromide  to  Iodide  of  Potas- 
sium. 

95.  Describe  the  formation  of  Permanganate  of  Potassium,  giving 
equations  or  diagrams. 

96.  How  do  manganate  and  permanganate  of  potassium  act  as 
disinfectants  ? 

97.  Enumerate  the  tests  for  potassium,  explaining  by  diagrams  or 
equations  the  various  reactions  which  occur. 


SODIUM. 

Symbol  Na.  Atomic  weight  23. 
Formula  Na,,.  Probable  molecular  weight  46. 
Memoranda. — Most  of  the  sodium  salts  met  Avith  in  Pharmacy 
are  obtained  directly  from  carbonate  of  sodium,  Avhich  is  now  manii- 
fixctured  on  an  enormous  scale  from  chloride  of  sodium  (common 
salt,  sea-salt,  bay-salt,  or  rock-salt),  the  natural  source  of  the  so- 
dium salts.  When  pure,  salt  {Sodii  Chloridum,  11.  S.  P.)  occurs  "  in 
small  white  crystalline  grains,  or  transparent  cubic  crystjils,  free 
from  moisture;"  the  best  varieties  commonly  contain  a^little  chlo- 
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ride  of  iiiagncsium  and  sometimes  other  impurities.  Besides  the 
ilirect  and  indirect  use  of  carbonate  of  sodium,  or  carbonate  of  soda, 
as  it  is  commonly  called  in  medicine,  it  is  largely  used  for  house- 
hold cleansing  purposes  under  the  name  of  "soda,"  and  in  the 
manufacture  of  soap.  Nitrate  of  sodium  also  occurs  in  nature,  but 
is  valuable  for  it  nitric  constituents  rather  than  its  sodium.  Sodium 
is  a  constituent  of  about  forty  chemical  or  Galenical  preparations  of 
the  Pliarniacopceias. 

Sodium  is  prepared  by  a  process  .similar  to  that  for  potassium, 
but  with  less  diliiculty.  It  crystallizes  in  octahedra.  Its  atom  is 
univalent,  Na'. 

Reactions  having  (a)  Synthetical  and  (b)  Analytical 

Interest. 

(«)  Reactions  having  Synthetical  Interest. 

Hydrate  of  Sodium.   Caustic  Soda. 

First  Synthetical  Reaction. — The  formation  of  solution  of 
hydrate  of  sodium  or  caustic  soda,  NaHO  (^Liquor  Sodse,  U. 
S.  P.).  This  operation  resembles  that  of  making  solution  of 
potash  already  described,  and  its  strength  is  ithe  same,  "  about 
5  per  cent;"  sp.  gi'.  about  1.059. 

The  practical  student  should  refer  to  the  remarks  made  concern- 
ing solution  of  potash,  applying  them  to  solution  of  soda.  He  may 
perform  the  corresponding  experiments  or  omit  them,  as  he  considers 
he  does  or  does  not  clearly  comprehend  all  they  are  designed  to  teach. 

Na.,C03    +    Ca2H0    =    2NaH0    +  CaCO, 

Carbonate  Hyilrate  of  Hyrtrate  of  Carbonate 

of  sodium.  calcium.  Bodium.  of  calcium. 

Pu7-e  Solution  of  Soda,  free  from  any  trace  of  alumina,  may  be 
prepared  by  shaking  in  a  Winchester  quart,  once  every  20  or  30 
minutes  for  5  or  6  hours,  14  ozs.  of  crystals  of  carbonate  of  sodium 
and  8  ozs.  of  good  recently  slaked  lime.  If  solution  of  soda  be 
evaporated  to  dryness,  and  the  residue  fused  and  poured  into 
moulds,  solid  hydrate  of  sodium  (Soda,  U.  S.  P.)  is  obtained. 
Common  and  cheap  caustic  soda  is  now  largely  employed  in 
various  manufactures.  This  vari(^ty  is  a  by-product  in  the  prep- 
aration of  carbonate  of  sodium,  but,  though  highly  useful  as  a 
chemical  agent,  is  too  impure  for  use  in  medicine.  The  United 
States  Pharmacopoeia  recognizes  Liquor  Soda3  made  from  solid 
caustic  soda  parts,  and  distilled  water  944  parts ;  or  from 
caustic  soda  of  any  other  strength  if  only  an  equivalent  amount 
be  used. 

Action  of  Sodinm  on  Water. — Sodium,  like  potassium,  decom- 
poses water  with  production  of  hydrate  of  sodium  and  hydrogen, 
but  unless  the  sodium  is  confined  to  one  spot  l»y  placing  it  on  a 
Miiall  floating  piece  of  filter  j)aper,  the  action  is  not  sufficiently 
iiit(mse  to  cause  ignition  of  the  escaping  hydrogen.    When  the 
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latter  does  ignite,  it  burns  with  a  yellow  flame,  due  to  the  presence 
of  a  little  vapor  of  sodium. 

Si'CO)i<l  Synthetical  Reaction. — The  reaction  of  sulphur  and 
carbonate  of  sodium  at  a  high  temperature  resembles  that  of 
sulphur  and  carbonate  of  potassium;  but,  as  the  product  is  not 
used  in  medicine,  the  experiment  may  be  omitted.  It  is  men- 
tioned here  to  draw  attention  to  the  close  resemblance  of  the 
potassium  salts  to  those  of  sodium. 

Acetate  of  Sodium. 

Third  Synthetical  Reaction. — Add  the  powder  or  fragments 
of  carbonate  of  sodium  (NaoCO.,)  to  some  strong  acetic  acid  in 
a  test-tube  or  evaporating-basin  as  long  as  effervescence  occurs, 
ajid  then  evaporate  some  of  the  water.*  When  the  solution 
is  cold,  cry.stals  of  acetate  of  sodium  (NaC2H30.j,3H^O)  (Sodii 
Ac  tus,  U.  S.  P.)  will  be  deposited.  A  ten  per  cent,  solution 
in  distilled  water  forms  the  "  Solution  of  Acetate  of  Soda," 
B.  P. 

Acetate  of  sodium  effloresces  in  dry  air,  and  loses  all  its 
water  of  crystallization  when  gently  heated.  It  supports  a 
temperature  of  270°  or  280°  F.  without  decomposition,  but 
above  300°  soon  chars. 


Na,CO,  +  2HC.,H,0, 

Carbonate  Acetic  acid, 

of  sodium. 


=  2NaaH  A  +  H.,0  +  CO., 

Acetate  of  Water.  Carbonic 

sodium.  acid  gas. 


Bicarbonate  of  Sodium, 

Fourth  Si/nihetical  Reaction. — The  action  of  carbonic  acid 
(H.,CO;,)  or  carbonic  acid  gas  (CO.,)  and  water  (H.,0),  on  car- 
bonate of  sodium  (Na^COs).  This  resembles  that  of  carbonic 
acid  on  carbonate  of  potassium,  but  is  applied  in  a  different 
manner.  The  result  is  bicarbonate  of  sodium  (NaHCOj) 
(^Sodii  Bicarbonus  Venalis,  U.  S.  P.). 

Na.,CO,  +  H.,0  +  CO,  =  2NaHC0:, 

Carbonate         Water.       Carbonic       Bicarbonate  of 
of  sodium.  acid  gas.  sodium. 

Process. — Heat  crystals  of  carbonate  of  sodium  in  a  porce- 
lain crucible  until  no  more  steam  escapes.  Rub  the  product, 
in  a  mortar,  with  two-thirds  its  weight  of  more  of  the  crystals 
and  place  the  powder  in  a  test-tube  or  small  bottle  into  which 
carbonic  acid  gas  may  be  conveyed  by  a  tube  passing  through 

*  The  "water"  alluded  to  occurs  in  the  acid,  wliich,  though  com- 
monly termed  "acetic"  acid,  is  really  a  solution  of  that  acid  in  water. 
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a  cork  and  terminating  at  the  bottom  of  the  vessel.  To  gene- 
rate the  carbonic  acid  gas  fill  a  test-tube  having  a  small  hole 
in  the  bottom  (or  a  similar  piece  of  glass  tubing,  of  which  one 
end  is  plugged  by  a  grooved  cork)  with  fragments  of  marble, 
insert  a  cork  and  delivery-tube,  and  connect  the  latter  with  the 
similar  tube  of  the  vessel  con- 
taining the  carbonate  of  so- 
dium by  a  piece  of  India- 
rubber  tubing.  Now  plunge 
the  tube  of  marble  into  a 
test-glass,  or  other  vessel, 
containing  a  nii.xture  of  one 
part  hydrochloiij  acid  and 
two  parts  water,  and  loosen 
the  cork  of  the  carbonate-of- 
sodium  tube  until  carbonic 
acid  gas,  generated  in  the 
marble  tube,  may  be  con- 
sidered to  fill  the  whole  arrangement;  then  replace  the  cork 
tightly  and  set  the  apparatus  aside.  As  the  gas  is  absorbed  by 
the  carbonate  of  sodium,  hydrochloric  acid  rises  into  the  marble 
tube,  and  generates  fresh  gas,  which,  in  its  turn,  drives  back 
the  acid  liquid,  and  thus  prevents  the  production  of  any  more 
gas  until  further  absorption  has  occurred.  When  the  salt  is 
wholly  converted  into  bicarbonate  (NaHCO^),  it  will  be  found 
to  have  become  damp  through  the  liberation  of  water  from  the 
crystallized  carbonate  (Na.^CO3,10HaO).  (It  would  be  inconve- 
niently moist,  even  semi-fluid,  if  a  part  of  the  carbonate  had 
not  previously  been  rendered  anhydrous.)  The  Soflii.  Blcar- 
boiKif,  U.  vS.  P.,  is  tlie  commercial  bicarbonate  purified  from 
any  carbonate  or  traces  of  other  salts  by  introducing  it  into  a 
percolator  and  passing  water  through  it  till  the  washings  cease 
to  precipitate  a  solution  of  sulphate  of  magnesium,  when  the 
bicarbonate  of  sodium  is  removed  from  the  percolator  and 
dried  on  bibulous  paper  in  a  warm  place. 

The  carbonate  of  sodium  may  be  placed,  not  in  a  test-tubo  or 
hottlo,  hut  in  a  vertical  tube  tlie  bottom  of  wliicli  is  loosely  closed 
l»y  a  {rrooved  cork.  Any  water  of"  crystallization  that  is  set  free 
thon  runs  off  (into  a  basin  or  cup  beneath),  and  takes  with  it  any 
iinpuritios  (cliloridcs  or  sulphates,  etc.)  that  may  have  been  present 
in  the  original  .salt. 

A  rri/.sifd  of  carbonate  of  sodium  is  carbonate  of  sodium  plus 
water  {Sndii  Carhonas,  U.  S.  P.;  see  "  Carl)onates  ") ;  on  lieating  it, 
morn  or  less  of  the  water  is  evolved,  and  (Mhi/drniis  carbonate  of 
sodiiiin  is  partially  or  wholly  [)roduced  {Sodii  Cavbonas  Exsiccutus, 


Fig  17. 


Preparation  of  bicarbonate  of  soiliiini. 
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Na2CO.„10n,O   —    lOII^O   =  Na^COj 

CiystuUized  carbonate  Water  Dried  carbonate 

of  Bodium  (286).  (180).  of  Bodiuui  (100). 

According  to  the  United  States  Pharmacopoeia  dried  carbonate  of 
Rodiura  is  to  be  prepared  by  exposing  crystals  of  carbonate  of  so- 
dium to  warm  air  for  several  days  to  effloresce,  and  then  to  a  tem- 
perature of  about  45°  C.  until  half  the  original  weight  is  obtained. 
286  parts  would  thus  become  143,  and  the  latter  would  thus  still 
retain  37  parts  of  water.  In  other  words,  the  dried  carbonate  con- 
tains 72.6  per  cent,  of  anhydrous  carbonate  and  27.4  per  cent,  of 
water.  The  crystals  contain,  obviously,  a  little  more  than  37  per 
cent,  of  anhydrous  carbonate  and  nearly  63  per  cent,  of  water.  The 
student  should  vcrifij  all  these  Jigures. 

Note  on  Nomenclature. — Anhydrous  bodies  (from  a,  a,  and  vd(jp, 
Jiudor,  i.  e.  without  water)  are  compounds  from  which  water  has 
been  taken,  but  whose  essential  chemical  properties  are  unaltered. 
Salts  containing  water  are  hydrous  bodies  ;  of  these  the  larger  por- 
tion are  crystalline,  and  their  water  is  then  termed  water  of  crystal- 
lization. Non-crystalline  hydrous  compounds  were  formerly  spoken 
of  as  hydrated  substances ;  hydrates  are,  however,  a  distinct  class 
of  bodies,  salts  derived  from  water  by  one-half  of  its  hj-drogen 
becoming  displaced  by  an  equivalent  quantity  of  another  radical. 
Anhydrides  form  still  another  distinct  class  of  chemical  substances; 
they  are  derived  from  acids ;  in  short,  thej'  are  acids  from  which, 
not  exactly  water  as  water,  ljut  the  elements  of  water  have  been 
removed,  the  essential  chemical  (acid)  pi-operties  being  thereby 
gi-eatly  altered.    (For  illustrations,  see  Index,  "Anhydrides.'") 

Water  of  Crystallization. — The  water  in  crystallized  carbonate 
of  sodium  is  in  the  solid  condition,  and,  like  ice  and  other  fusible 
substances,  requires  heat  for  its  liquefaction.  Many  salts  (freezing- 
mixtures),  when  dissolved  in  water,  give  a  very  cold  solution.  This 
is  because  they  and  their  solid  water,  if  the^^  have  any,  are  then, 
absorbing  some  heat  from  surrounding  media,  converted  into  liquids. 
Take  away  from  water  some  of  its  heat,  the  result  is  ice.  Give  to  ice 
(at  32°  F.)  more  heat  than  it  contains  already,  the  result  is  water 
(still  at  32°  F.).  (Heat  thus  taken  into  a  substance  without  increas- 
ing its  temperature  is  said  to  become  latent — from  latcns.  hiding ;  it 
is  no  longer  discoverable  by  the  sense  of  touch  or  the  thermometer. 
The  term  latent  gives  a  somewhat  incorrect  idea,  however,  of  the 
process  ;  for  our  knowledge  of  the  extent  and  readiness  Avith  which 
one  form  of  force  is  convertible  into  another  renders  highly-  probable 
the  assumption  that  heat  is  in  these  cases  converted  into  motion,  the 
latter  enabling  the  molecules  of  a  solid  to  take  up  the  new  positions 
demanded  by  their  liquid  condition.)  The  only  apparent  difference 
between  ice  and  the  water  in  such  crystals  as  carbonate  of  sodium  is 
that  ice  is  solid  water  in  the  free,  and  water  of  crj'stallization  solid 
water  in  the  combined  state.  The  former  can  only  exist  at  .and  below 
32°  F. ;  the  latter  may  exist  at  ordinary  temperatures.  Many  salts, 
however,  which  unite  with  little  or  even  no  water  of  crystallization 
at  common  tiMiiperatures,  take  up  much,  according  to  Guthrie,  at  very 
low  temperatures,  and  such  salts  he  calls  cryohydrates  {xpvor,  kruos, 
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icv  cold,  frost).  On  the  other  hand,  all  water  of  crystallization  is 
dispelled  at  high  temperatures.  In  chemical  fornmlte,  the  symbols 
representing  water  are  usually  separated  by  a  comma  from  those 
representing  salts.  The  crystals  of  acetate  of  sodium  (of  the  third 
reaction)  contain  water  in  this  loose  state  of  combination — water  of 
crystallization  (N^aCJIjO.jSlL.O). 

^>oda-wnter.'' — A  solution  of  bicarbonate  of  sodium  in  water 
charged  with  carbonic  acid  gas  under  pressure  constitutes  the  offi- 
cial Liquor  Soda;  Effervescens,  B.  P.,  and,  like  the  "potash-water" 
of  the  shops,  is  a  true  medicine,  an  antacid.  Ordinary  "  soda-water," 
however,  is  in  many  cases  simply  a  solution  of  Ccarlionic  acid  gas  in 
water,  and  would  be  more  appropriately  termed  "  aerated  water :" 
any  medicinal  eft'ect  it  may  possess  is  due  to  the  sedative  influence 
of  its  carbonic  acid  gas  on  the  coats  of  the  stomach.  At  common 
temperatures  water  dissolves  about  its  own  volume  of  carbonic  acid 
gas,  Ijoth  being  under  the  same  pressure.  One  pint  of  the  official 
soda-water  contains  30  grains  of  bicarbonate  of  sodium  and  a  pint 
of  carbonic  acid  gas ;  but  the  solution  is  under  a  pressure  of  seven 
atmospheres,  so  that  seven  pints  of  the  gas  at  ordinary  atmospheric 
pressure  are  required  for  the  quantity  mentioned. 

Solubiliti/  of  Gases  in  Water. — Whatever  the  weight  and  volume 
of  a  gas  dissolved  by  a  liquid  at  ordinary  atmospheric  pressure,  that 
weight  is  doubled  by  double  pressure,  the  two  volumes  of  gas  thereby 
being  reduced  to  one,  trebled  at  treble  pressure,  the  three  volumes  of 
gas  being  reduced  to  one,  quadrupled  at  quadruple  pressure,  the  four 
volumes  of  gas  being  reduced  to  one,  and  so  on.  This  is  a  general 
law  (Henry  and  Dalton)  regarding  the  solubility  of  gases  in  liquids 
under  given  temperatures.  An  average  bottle  of  "  soda-water"  con- 
tains about  four  times  the  weight  of  carbonic  acid  gas  which  can 
exist  in  it  without  artificial  pressure,  so  that  on  removing  its  cork 
three  times  its  bulk  escapes,  its  own  bulk  remaining  dissolved. 

Tartrate  of  Potassium  and  Sodium. 

Fiffh  Sijnth'Jical  Reaction. — To  some  hot  strong  solution  of 
carbonate  of  sodium  (about  three  parts)  in  a  test-tube  or  larger 
vessel  add  acid  tartrate  of  potassium  (about  four  parts),  till  no 
more  eftcrvesccnce  occurs ;  when  the  solution  is  cold,  crystals 
of  the  tartrate  of  potassium  and  sodium  (Potussn  et  Sodii  Tar- 
tras,  U.  S.  P.),  the  old  Rochdle  Salt,  will  be  deposited — 
(KNaC4lIA„4H20).  The  crystals  are  usually  halves  of  right 
rhombic  prisms. 

Na,CO,   -f-   2KHC,TT,0«  =  2KNaCJ-l40B  -f  H,0  +  CO, 

Oirhonnte  Acid  tiirtmte  Tartrate  of  potns-  Water.  Carbonic 

of  aodium.  of  potassium.  siuiii  and  sodium.  acid  gas. 

Formulae  of  Tartrates. 

Tartaric  acid   HIT  Cjr.O^ 

Acid  tartrate  of  pota.ssiuin   K!L(',II.,0„ 

Tartrate  of  potas.sium  and  sodium    .    .  KNaC^lI^Og 
8 
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Very  close  analogy  will  be  noticed  in  the  constitution  of  the  mole- 
cules of  these  salts.  When  the  other  tartrates  come  under  notice,  it 
will  be  found  they  also  have  a  similar  constitution. 

Hypochlorite  of  Sodium. 

Liquor  Sodce  Chlorato'.,  U.  S.  P.,  "  Labbaraque's  Solution,"  is 
made  by  decomposing  solution  of  carbonate  of  sodium  ])y  solu- 
tion of  chlorinated  lime;  100  parts  of  the  carbonate,  80  of  chlo- 
rinated lime,  and  820  of  water.    Sp.  gr.  1.044. 

2Na2C03   +   CaOI„Ca2C10  =  2(NaCl,NaC10)   +  2CaC03 

Carbonate  Cliloiiiiated  Chlorinated  Carbonate  of 

of  sodium.  lime.  suila.  calcium. 

Other  Sodium  Compounds. 

Si/nthetical  Reactions  portraying  the  chemistry  of  the  remaining 
official  compounds  (namely,  nitrate,  sulphate,  hyposulphite,  borate, 
arseniate,  and  valerianate  of  sodium)  are  deferred  until  the  several 
acidulous  radicals  of  these  salts  have  been  described. 

Phosphate  of  Sodium. — The  preparation  and  composition  of  tliis 
salt  will  be  most  usefully  studied  after  bone-ash,  the  source  of  it  and 
other  phosphates,  has  been  described.  Bone-ash  is  phosphate  of 
calcium  (see  page  109). 

The  Citro-Tartrate  {Soda;  Citro-tartras  Effcrvcscens,  B.  P.)  is  a 
mixture  of  bicarbonate  of  sodium  (17  parts),  citric  acid  (6),  and 
tartaric  acid  (8),  heated  (to  200°  or  220°  F.)  until  the  particles 
aggi'egate  to  a  granular  condition.  When  required  for  medicinal 
use,  a  dose  of  the  mixture  is  placed  in  water ;  escape  of  carbonic 
acid  gas  at  once  occurs,  and  an  effervescing  liquid  results.  This 
substance  may  be  regarded  as  the  official  representative  of  the  pop- 
ular "  Effervescing  Citrate  of  Magnesia,"  which  will  be  further  no- 
ticed in  connection  with  the  salts  of  magnesium  (page  118). 

Soda  Powders  are  formed  of  30  grains  of  bicarbonate  of  sodium 
and  25  of  tartaric  acid  wrapped  separately  in  papers  of  different 
color.  When  mixed  with  water,  tartrate  of  sodium  results,  a  little 
bicarbonate  also  remaining. 

In  the  maimfacture  of  Carbonate  of  Sodium  fi'om  chloride,  the 
source  of  the  sodium  is  chloride  of  sodium,  and  of  the  carbonic 
radical  carbonate  of  calcium  in  the  form  of  limestone.  The  chloride 
is  first  converted  into  sulphate,  the  sulphate  is  then  roasted  with 
coal  and  limestone,  and  the  resulting  black-ash  lixiviated  {lixivia, 
from  lix,  lye — water  impregnated  with  alkaline  salts:  hence  lixiria- 
tioii,  the  operation  of  washing  a  mixture  with  the  view  of  dissolving 
out  salts).  The  lye,  evaporated  to  dryness,  yields  crude  carbonate 
of  sodium  (soda-ash).  This  process  will  be  further  described  in 
connection  with  Carbonates. 


Deliquescence  and  Egioresccnce. — The  carbonates  of  sodium  and 
potassium,  chemically  closely  allied,  are  readily  distinguished  phys- 
ically. Carbonate  of  potassium  quickly  altsorbs  moisture  from  the 
air  and  becomes  dami),  wet,  iiiul  finally "lluid — it  is  dcUqurscent  {dcli- 
quesce7is,  melting  away).    Carbonate  of  sodium,  on  the  other  hand, 
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ickls  some  of  its  water  of  crystallization  to  the  air,  tho  crystals 
ecoming  white,  opaque,  and  pulverulent — it  is  ejjluresceid  (i-JJ/ores- 
ceiis,  blossoming  Ibvtli). 

AiudtMji/  of  ISodinin  Salts  to  Pofassium  Salts. — Other  synthetical 
reactions  might  be  described  similar  to  those  given  under  potassium, 
and  thus  citrate,  iodide  {Sodii  lodidnm,  U.  S.  P.),  Nal,  bromide 
{Sodii  Bromidum,  U.  S.  P.),  NaBr,  iodate,  bromate,  chlorate  {Sodii 
Chloras,  U.  S.  P.),  NaClOj,  manganate  and  permanganate  of  sodium, 
and  many  other  salts  be  formed.  But  enough  has  been  stated  to 
show  how  analogous  sodium  is  chemically  to  potassium.  Such  analo- 
gies will  constantly  present  themselves.  In  few  departments  of 
knowledge  are  oi'der  and  method  more  perceptil)le  ;  in  few  is  there 
as  much  natural  law,  as  much  science,  as  in  chemistry. 

Substitution  of  Potassium  and  Sodium  Salts  for  each  other. — 
Sodium  salts  being  cheaper  than  potassium  salts,  the  former  may 
sometimes  be  economically  substitued.  That  one  is  employed  rather 
than  the  other,  is  often  merely  a  result  due  to  accident  or  fashion. 
But  it  must  be  borne  in  mind  that  in  some  cases  a  potassium  salt 
will  crystallize  more  readily  than  its  sodium  analogue,  or  that  a 
sodium  salt  is  stable  when  the  corresponding  potassium  salt  has  a 
tendency  to  absorb  moisture,  or  one  may  be  more  soluble  than  the 
other,  or  the  two  may  have  different  medicinal  effect.  For  these  or 
similar  reasons,  a  potassium  salt  has  come  to  be  used  in  medicine 
or  trade,  instead  of  the  corresponding  sodium  salt,  and  vice  versd. 
Whenever  the  acidulous  portion  only  is  to  be  utilized,  the  least  ex- 
pensive salt  of  the  class  would  nearly  always  be  selected. 

(U)  Reactions  having  Analytical  Interest. 

1.  The  chief  anali/ticnl  reaction  for  sodium  is  the  flame-teM. 
When  brought  into  contact  with  a  flame  in  the  manner  de- 
scribed under  potassium  (page  79),  an  intensely  yellow  color 
is  communicated  to  the  flame  by  any  salt  of  sodium.  This  is 
highly  characteristic — indeed,  almost  too  delicate  a  test ;  for  if 
the  point  of  the  wire  be  touched  b}'  the  fingers,  enough  salt 
(which  is  contained  in  the  moisture  of  the  hand)  adheres  to 
the  wire  to  communicate  a  very  distinct  sodium  reaction. 
These  statements  should  be  experimentally  verified,  the  chlo- 
ride, sulphate,  or  any  other  salt  of  sodium  being  employed. 

2.  Precijnlun.t  of  Sodium. — Sodium  is  the  only  metal  whose  com- 
mon salts  are  all  soluble  in  water.  Hence  no  ordinary  reagent  can 
be  added  to  a  solution  containing  a  sodium  salt  which  shall  give  a 
precipitate  containing  the  sodium.  A  neutral  or  alkaline  solution 
of  a  sodium  salt  gives,  however,  a  granular  precipitate  of  antimoni- 
ate  of  .sodium  (Na.^ir.^Sb.P7,(')n,p)  if  well  stirred  or  shaken  with  a 
mUitinn  of  antinidiiiate  of  potassium  (KjlI.^Sl),/),),  but  tli(!  reagent 
>r('cipitates  other  uu^tals,  and  is  liable  to  decompose  and  become  use- 
ess,  and  hence  is  seldom  (miployed. 

Antiinoniate  of  potassium  is  made  by  adding,  gradually,  finely 
powdered  metallic  antimony  to  nitrate  of  potassium  fused  in  u  cru- 
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ciblc  so  lone;  as  deflagration  continues.  Tiie  resulting  mass  is  lioilod 
with  a  large  quantity  of  water,  the  solution  filtored  and  preserved  in 
a  well-stoppered  bottle  ;  for  the  carljonic  gas  in  the  air  is  rapidly  alj- 
sorbcd  by  the  solution,  antimonic  acid  Ijeing  deposited. 

3.  Sodium  salts,  like  those  of  potassium,  are  not  volatile. 
Prove  this  fact  by  the  means  described  when  treating  of  the 
effect  of  heat  on  potassium  salts  (p.  79). 


QUESTIONS  AND  EXERCISES. 

98.  How  is  the  official  Solution  of  Soda  prepiired  ?  Give  a  dia- 
gram or  equation. 

99.  Exphiin  the  action  of  sodium  or  potassium  on  water.  What 
colors  do  these  elements  respectively  communicate  to  flame? 

100.  How  much  bicarbonate  of  sodium  can  be  obtained  from 
2240  pounds  of  crystallized  carbonate  of  sodium?  Ans.  1316  lbs., 
nearly. 

101.  Acetate  of  Sodium :  give  formula,  process,  and  equation. 

102.  Give  a  diagram  showing  the  formation  of  Bicarbonate  of 
Sodium. 

103.  Why  is  a  mixture  of  dried  and  undried  carbonate  of  sodium 
employed  in  the  prepai'ation  of  the  bicarbonate? 

104.  State  the  dift'erence  between  anhydrous  and  crystallized  car- 
bonate of  sodium. 

105.  Define  the  terms  anhydrous,  hydrous,  hydrate,  anhi/dride. 

106.  What  do  you  understand  by  tuater  of  crysiallization  ? 

107.  What  is  the  nature  of  "  Soda-water"  ? 

108.  How  many  volumes  of  gas  (reckoned  as  at  ordinary  atmo- 
spheric pressure)  are  contained  in  any  given  volume  of  the  British 
official  "  Soda-water  "  ? 

109.  What  is  the  general  law  regarding  the  solubility  of  gases  in 
liquids  under  pressure? 

110.  What  is  the  systematic  name  of  Rochelle  salt,  and  how  is  the 
salt  prepared  ? 

111.  What  is  the  relation  of  Rochelle  salt  to  cream  of  tartar  and 
tartaric  acid  ? 

112.  Give  the  mode  of  preparation  and  composition  of  Solution  of 
Chlorinated  Soda,  and  express  the  process  by  a  diagram. 

113.  How  is  the  granular  efl'ervescing  Citro-tartrate  of  Sodium 
prepared  ? 

114.  Define  Deliquescence,  Efflorescence,  and  Lixiviaiion. 

115.  What  is  the  general  relation  of  potassium  salts  to  those  of 
sodium  ? 

116.  How  are  sodium  salts  analytically  distinguished  from  those 
of  potassium? 


AMMONIUM. 

Symbol  Nil,  or  Am.    Atojnic  weight  18. 
Memoranda. — The  elements  nitrogen  and  hydrogen,  in  the  pro- 
portion of  one  atom  to  four  (NHJ,  are  those  characteristic  of  all  the 
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compounds  about  to  be  studied,  just  as  potassium  (K)  and  sodium 
(Na)  arc  the  characteristic  elements  of  the  potassium  and  sodium 
compounds.  AniTnoniuin  is  a  univalent  nucleus,  root,  or  radical,  like 
potassium  or  sodium  ;  and  the  aiumonium  compounds  closely  resemble 
those  of  potassium  or  sodium.  In  short,  if,  for  an  instant,  potassium 
or  sodium  lie  imagined  to  be  compounds,  the  analogy  between  these 
three  series  of  salts  is  complete.  Ammonium  is  said  to  have  been 
isolated  by  Weyl,  as  an  unstable  dark-blue  liquid  possessing  a  me- 
tallic lustre. 

Source. — The  source  of  nearly  all  the  ammoniacal  salts  met  with 
in  commerce  is  amnionia-gas  (NII3)  obtained  in  distilling  coals  in 
the  manufacture  of  ordinary  illuminating  gas  and  of  coke.  It  is 
doubtless  derived  from  the  nitrogen  of  the  plants  from  vs'hich  the 
coal  has  been  produced.  It  is  possible,  however,  to  produce  am- 
monia from  its  elements.  Thus,  coal-dust,  air,  and  vapor  of  water, 
a!l  at  a  red  heat,  yield,  according  to  Hickman  and  Thompson,  gaseous 
ammonia.  Salt  added  to  the  mixture  prevents  the  further  combus- 
tion of  the  formed  ammonia,  and  chloride  of  ammonium  sublimes. 
Nitrogen  and  hydrogen  passed  over  spongy  platinum  yields  traces 
of  ammonia. 

Ammonia. — When  this  gas  (NII3)  comes  into  contact  with  water 
(H._,0),  in  the  process  of  washing  and  cooling  coal-gas,  hydrate  of 
ammonium  (NIIJIO,  or  AmllO)  is  believed  to  be  formed,  the 
analogue  of  hydrate  of  potassium  (KHO)  or  sodium  (NallO).  The 
grounds  for  this  Ijelief  are  the  observed  analogy  of  the  well-known 
ammoniacal  salts  to  those  of  potassium  and  sodium,  the  similarity  of 
action  of  solution  of  potash,  soda,  and  ammonia  on  salts  of  most 
metals,  and  the  existence  of  crystals  of  an  analogous  sulphur  salt 
(XII.HS).  ^  "  ^ 

Chloride  of  Ammonium. — The  "ammoniacal  liquor"  of  the  gas- 
works is  usually  neutralized  by  hydrochloric  acid,  by  which  crude 
chloride  of  ammonium  (sal-ammoniac)  is  produced. 

NHJIO  -f  IICl  =  NII.Cl  +  11,0  ; 

and  from  this  salt,  purified,  the  others  used  in  pharmacy  are  directly 
or  indirectly  made.  Chloride  of  ammonium  (Ammonii  Ckloridum, 
U.  S.  P.)  occurs  in  colorless,  inodorous,  translucent  fibrous  masses, 
tough,  and  difficult  to  powder,  and  as  a  snow-white  crystalline 
powder,  soluble  in  water  [1  in  10  is  the  "  Solution  of  Chloride  of 
Ammonium,"  U.  S.  P.]  and  in  rectified  spirit.  Chloride  of  am- 
iiKmium  generally  contains  slight  traces  of  oxychloride  of  iron, 
tarry  matter,  and  possibly  chlorides  of  compound  ammoniums  {vide 
•Artificial  Alkaloids"  in  Index). 

Sidp/uife  of  Ammoninm,  (NII,),SO„  results  when  "ammoniacal 
liquor"  is  neutralized  by  oil  of  vitriol.  It  is  largely  used  as  a  con- 
stituent of  artificial  manure  in  I'ngland,  and  when  purifi(id  by  recrys- 
tallization  is  employed  in  pharmacy  (AmmonM  Siilp/ms,  U.  "S.  P.). 

I  olmnic  Ammonia. — A  very  pure  form  of  ammonia  is  that  met 
with  in  volcanic  districts,  and  obtained  as  a  by-product  in  the  manu- 
factun;  of  borax  ;  the  crude  boracic  acid  as  imported  contains  from 
5  t(j  10  per  cent,  of  ammonium  .salts,  chiefly  sulphate,  and  double 
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sulphates  of  ammonium  with  magnesium,  sodium,  and  manganese 
(Howard). 

Reactions  having  (a)  General,  (b)  Synthetical,  and 
(c)  Analytical  Inteuest. 

Ammonium-Amalgam.  (?) 

(a)  General  Reaction. — To  forty  or  fifty  grains  of  dry  mer- 
cury in  a  (Ity  test-tube,  add  one  or  two  small  jjieces  of  sodium 
(freed  from  adhering  naphtha  by  gentle  pressure  with  a  piece 
of  filter-paper),  and  amalgamate  by  gently  warming  the  tube. 
To  this  amalgam,  when  cold,  add  some  fragments  of  chloride 
of  ammonium  and  a  strong  solution  of  the  same  salt.  The  so- 
dium amalgam  soon  begins  to  swell  and  rapidly  increase  in 
bulk,  probably  overflowing  the  tube.  The  light  spongy  mass 
produced  is  the  so-called  animonium-amalgam,  and  the  reaction 
is  usually  adduced  as  evidence  of  the  existence  of  ammonium  ; 
the  sodium  of  the  amalgam  unites  with  the  chlorine  of  the 
chloride  of  ammonium,  while  the  ammonium  is  supposed  to 
form  an  amalgam  with  the  mercury.  As  soon  as  formed  the 
amalgam  gives  off  hydrogen  and  ammonia  gases;  this  decom- 
position is  nearly  complete  after  some  minutes,  and  imj^ure 
mercury  remains. 

(i)  Reactions  liaviiig  Synthetical  Interest. 

Hydrate  of  Ammonium.  Ammonia. 

First  Si/nfhrtical  Reaction. — Heat  a  few  grains  of  sal-ammo- 
niac with  about  an  equal  weight  of  hydrate  of  calcium  (slaked 
lime)  dampened  with  a  little  water  in  a  test-tube ;  ammonia 
gas  is  given  off,  and  may  be  recognized  by  its  well-known 
odor.  It  is  very  soluble  in  water.  Pass  a  delivery-tube, 
fitted  to  the  test-tube  as  described  for  the  preparation  of  oxy- 
gen and  hydrogen,  into  a  second  test-tube,  at  the  bottom  of 
which  is  a  little  water ;  again  heat,  the  end  of  the  delivery- 
tube  being  only  just  beneath  the  surface  of  the  water  (or,  pos- 
sibly, all  the  water  might  rush  into  the  generating-tubes,  water 
absorbing  ammonia  gas  with  great  avidity)  ;  solution  of  ammo- 
nia will  be  thus  formed. 

2NH,C1    -f    Ca2H0    =    CaCl.,    +    2H.,0    +  2NH, 

Chloiidn  of  llyiliate  of  Chloride  of  Water.  Aiiimoniii 

ammonium.  culciiini.  calcium.  pis. 

Ammonia  tras  is  coni])osed  of  one  atom  of  nitrogen  with  three 
atoms  of  liydroiien  ;  its  formula  is  NIT3 ;  two  volumes  of  it  contain 
one  volume  of  nitrogen  combined  with  three  atoms  or  volumes  of 
hydrogen.    Its  constituents  have  therefore  in  combining  suffered 
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condensation  to  one  half  their  normal  bulk.  Its  conversion  into 
hych'ate  of  ammonium  may  be  thus  shown : — 

NII3    +    ri.,0    =  NH.HOorAmTIO 

Aminuiiia         Water.  Hydrute  of  anmiouiuni 

giis.  (ammonia). 

Solutions  of  Ammonia,  prepared  by  this  process  on  a  large  scale 
and  in  suitable  apparatus,  are  met  with  in  pharmacy — the  one  (sp. 
gr.  0.900)  containing  28  per  cent.,  the  other  (sp.  gr.  0.959),  10  per 
cent.,  by  weight,  of  ammonia  gas,  !>} H.^  {Aqua  Aimnonice  Fortior  and 
Aqua  Ammonice,  U.  S.  P.).  On  the  large  scale,  bottles  are  so  ar- 
ranged in  a  series  as  to  condense  all  the  ammonia  evolved  during 
the  operation. 

Acetate  of  Ammonium. 

Second  Si/ntlietical  Reaction. — To  acetic  acid  and  water  in 
a  test-tube,  add  powdered  commercial  carbonate  (acid  carbon- 
ate and  carbamate)  of  ammonium  till  eflfervescence  ceases ;  the 
resulting  liquid,  made  of  prescribed  strength,  is  the  official 
solution  of  Acetate  of  Ammonium  (NH^CaH^jO^)  (^Liquor  Am- 
monii  Acetatts,  U.  S.  P.),  the  old  "  Spirit  of  Mindererus." 

NH.HCOa,  NH,NH,CO,    -f    SHCHgO,    =  3NH,C.,H:A 

Acid  carbonate  and  carbamate  Acetic  acid.  Acetate  of 

of  ammonium.  ammonium. 

+    H.,0      +  2C0, 

Water.  Carbonic  ac:id  gas. 


Carbonates  of  Ammonium. 

Commei'cial  carhonate  of  ammonium  is  made  by  heating  a  mixture 
of  chalk  and  sal-ammoniac  ;  chloride  of  calcium  (CaClj)  is  produced, 
ammonia  gas  (NH3)  and  water  (H.^O)  escape,  and  the  ammoniacal 
carbonate  distils,  or  rather  sublimes,*  in  cakes  (Amvionii  Carbonas, 
U.  S.  P.).  The  best  form  of  apparatus  to  employ  is  a  retort  with  a 
short  wide  neck  and  a  cool  receiver.  On  the  large  scale  the  retort 
is  usually  iron  and  the  receiver  earthenware  or  glass ;  on  the  small 
scale  glass  vessels  are  employed.  The  salt  is  purified  by  resublima- 
tion  at  a  low  temperature ;  150°  F.  is  said  to  be  sufficient. 

This  salt,  the  empirical  formula  of  which  is  N^HnCjOj,  is  prob- 
ably a  mi.xturc  of  one  molecule  of  acid  carbonate  or  bicarbonate  of 
ammonium  (N'lIJKXJ^)  and  one  of  a  salt  termed  carbamate  of  am-- 
monium  (N1I,NII/J0.^).  The  latter  belongs  to  an  important  class 
of  salts  known  as  carbamates,  but  it  is  the  only  one  of  interest  to  the 
pharmacist.  Cold  water  extracts  it  from  the  commercial  carbonate 
of  ammonium,  leaving  the  acid  carbonate  of  ammonium  undissolved, 
if  the  amount  of  liquid  used  be  very  small.  Alcohol  extracts  the 
carbamate,  leaving  the  acid  carbonate  undissolved.  In  water,  car- 
bamate soon  changes  into  neutral  carbonate  of  .ammonium. 


*  Sublimntion  (from  mbliviis,  higli).  Vaporization  of  a  solid  sub- 
stance by  heat,  and  its  condensation  on  nn  ui)per  and  cooler  part  of 
the  vessel  or  apparatus  in  which  the  operation  is  performed. 
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NII.NII.COj  +  IIjO  =  (NIIJjCOj  or  Am^COj ; 

so  that  an  aqueous  solution  of  commorcial  carl)onat(!  of  ammonium 
contains  both  acid  carbonate  and  neutral  carbonate  of  ammonium. 
If  to  such  a  solution  some  ordinary  solution  of  ammonia  be  iulded,  a 
solution  of  neutral  carbonate  of  aminonium  is  obtained  :  and  this  is 
the  common  i-eagent  always  found  on  the  shelves  of  the  analj'tical 
laboratory. 

AmHCOj  +  AmllO  =  \m.,QO.,  +  11,0. 

Neutral  carbonate  of  ammonium  is  the  salt  formed  on  adding  sti'ong 
solution  of  ammonia  to  the  the  commercial  carbonate  in  pnjparing  a 
pungent  mixture  for  toilet  smelling-bottles ;  but  it  is  unstable,  and 
on  continued  exposure  to  air  is  reduced  to  a  mass  of  crystals  of  the 
acid  carbonate  or  bicarbonate  of  ammonium.  Bicarbonate  of  ammo- 
nium (NII^IICO.,)  is  also  produced  on  passing  carbonic  acid  gas  into 
an  aqueous  solution  of  commercial  carbonate. 

According  to  Divers,  the  sublimed  product  of  the  first  distillation 
of  chalk  and  sal-ammoniac  is  a  mixture  of  carbamate  and  carljonate 
of  ammonium,  the  latter  losing  some  ammonia  gas  on  redistillation, 
and  carbamate  with  bicai-bonate  forming  the  resulting  commercial 
salt. 

If  carbonate  of  ammonium  contain  more  than  traces  of  empyreu- 
matic  matters  (derived  primarily  from  the  gas-liquors),  an  aqueous 
solution,  with  excess  of  sulphuric  acid  added,  will  decolorize  a  dilute 
solution  of  permanganate  of  potassium  at  oiice. 

(S'aZ  Volatile  {Spiritus  Ammoidce  Aromaticus,  U.  S.  P.)  is  a  spirit- 
uous solution  of  ammonia  (AmllO),  neutral  carbonate  of  ammonium 
(AnijCOg),  and  the  oils  of  lemon,  lavcjider  and  pimenta.  Fetid 
spirit  of  ammonia  {Spiritus  Ammonia;  Fcetidus,  B.  P.)  is  an  alco- 
holic solution  of  the  volatile  oil  of  asafoetida  mixed  with  solution 
of  ammonia.  "  Solution  of  Carbonate  of  Ammonia,"  B.  P.,  is  formed 
by  dissolving  1  part  of  the  salt  in  10  of  water.  Spiritus  Ammonia, 
U.  S.  P.,  is  an  alcoholic  solution  of  ammonia  containing  10  per  cent, 
by  weight,  of  gas  (NII3). 

Nitrate  of  Ammonium. 

Third  Sijnthefic.al  Reaction. — To  some  diluted  nitric  acid 
add  carbonate  of  ammonium,  until,  after  well  stirrin<r,  a  slight 
ammoniacal  odor  remains.  The  solution  contains  Nitrate  of 
Ammonium  (^Ammonii  Nitras,  U.  S.  P.) 

NHiHCO,,  NII,NH,00,  -f  3TIN0,,  =  SNH^NO.,  +  TT,,0  -f  2C0 

Acid  carbonate  aiifl  carbamate  Nitric  Nitrate  of         Water.  Carlionic 

of  auimouium.  ncid.  aniniuiiiiim.  acid  gas. 

From  a  strong  hot  solution  of  nitrate  of  ammonium  crystals  may 
he  obtained  containing  much  water  (NII^NOa,  l^H-iO)-  ^n  heating 
these  to  about  310°  F.  the  water  escapes.  The  anhydrous  salt  re- 
maining (NII.,NO.,)  may  be  poured  on  to  an  iron  plate.  On  further 
heating  the  powdered  nitrate,  it  is  resolved  into  nitrous  oxide  gas 
(the  so-called  laughing  gas)  and  water. 
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NH,N03  =  N,0  +  2H20. 

Nitrous  oxide  is  thus  prepared  for  use  as  an  anassthetic.  When 
requiriHl  for  iiihahition,  it  should  be  washed  from  any  possildc;  trace 
of  acid  or  nitric  oxide,  by  beinij;  passed  through  solution  of  potash, 
and  through  solution  of  ferrous  sulpiiate. 

Nitrous" oxide  is  slightly  soluble  in  warm  water,  more  so  in  cold. 
It  supports  combustion  almost  as  well  as  oxygen.  By  pressure  it 
may  be  liquefied  to  a  colorless  fluid,  and  by  simultaneous  cooling 
solidified. 

Citrate,  Phosphate,  and  Benzoate  of  Ammonium. 

Fourth  Si/nthetical  Rixictioii.  To  solution  of  citric  acid 
(H^CrHjO,  or  H;,Ci)  add  solution  of  ammonia  (AmHO)  until 
the  well-stirred  liquid  smells  faintly  of  ammonia ;  the  product 
is  Solution  of  Citrate  of  Ammonium  (Am^Ci)  (^Liquor  Ammo- 
hisE  Citratis,  B.  P.). 

Phosphate  of  Ammonium.  (Am^HPO,)  (Ammomi  PJiosphas,  U.  S. 
P.)  and  Benzoate  of  Aiinnonium  (AmC-IIjO.^)  {Amiiionii  Benzoas, 
U.  S.  P.)  are  also  made  by  adding  solution  of  ammonia  to  phos- 
phoric acid  (H3PO4)  and  benzoic  acid  (IIC^HjOj)  respectively,  evap- 
orating (keeping  the  ammonia  in  slight  excess  by  adding  more  of  its 
solution),  and  setting  aside  for  crystals  to  form.  The  official  Solu- 
tion of  Acetate  of  Ammonium  could  be  made  in  the  same  way  ;  but, 
when  prepared  with  Carbonate  of  vVmmonium,  the  liquid  remains 
charged  with  carbonic  acid,  and  has  a  less  vapid  flavor. 


H,CJI,0, 

C'itiic 
acid. 

+ 

3AmII0 

Aniiiiuuia. 

=  Am.CJTA 

Citiate  of 
aniuioiiium. 

+ 

3n,o 

Water. 

TI.PO. 

Phosphoric 
acid. 

+ 

2AmII0 

AiiiDionia. 

=  AmJlPO, 

Phospliate  of 
aiiiinoiiiuni. 

+ 

2TT,0 

Water. 

IIC,TI.Oj 

Benzoic 
aciil. 

+ 

Am  HO 

Animouia. 

=  AmCjHjOj 

Benzoate  of 
aiDiiiouiiim. 

M  ator. 

Phosphate  of  ammonium  occurs  in  transparent  colorless  prisms, 
soluble  in  water,  insoluble  in  spirit;  benzoate  in  crystalline  plates, 
soluble  in  water  and  in  spirit. 

Ammnnii  lodidnm,  U.  S.  P.,  may  be  made  by  decomposing  the 
two  bodies  iodide  of  potassium  and  sulphate  of  ammonium,  which 
give  iodide  of  ammf)nium  and  sulphate  of  potassium  ;  the  latter 
salt  is  separated  liy  adding  alitohol  to  the  (!Oolod  solution,  when,  by 
reason  of  its  insolul)ility  in  alcohol,  it  orystalli'/.(>s  out,  and  the  sep- 
arated solution  of  iodid(!  of  ammonium  is  th(Mi  evaporated  to  dry- 
ness.   It  occurs  usually  in  minute  white  crystalline  cubes. 

liromide  of  Ammonium  (Ammmiii  Bromidum,  V.  S.  P.)  will  be 
noticed  in  connection  with  llydrobromic  Acid  and  other  Bromides. 
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Oxalate  of  Ammonium. 

Fifth  Si/ntheticid  Reaction. — To  a  nearly  boiling  solution  of  1 
part  of  oxalic  acid  in  about  8  of  water  add  carbonate  of  am- 
monium until  the  liquid  is  neutral  to  test-jxtper  (see  follow- 
ing paragraph),  filter  while  hot,  and  set  aside  for  crystals 
((NH4).,C.,04,HjO)  to  form.  The  mother-liquor  is  useful  as  a 
reagent  in  analysis ;  1  of  the  salt  in  20  of  water  constitutes 
"  Solution  of  Oxalate  of  Ammonium,"  U.  S.  P. 

3H,CA  +  2NsH„CA  =  3(NH,),C,0,  +  SCO,  +  2H,0 

Oxalic  Carbonate  of  Oxalate  of  Carbonic         AS  attr. 

acid.  ammonium.  ammonium.  acid  gas. 

Neutralization. — Thus  far,  in  reactions,  the  student  has  avoided 
excess  of  either  acid  matter  ou  the  one  hand,  or  alkaline  matter  on 
the  other,  by  the  rough  aid  of  taste,  cessation  of  effervescence,  pres- 
ence or  absence  of  odor,  etc.  More  delicate  aid  is  afforded  by  test- 
papers. 

Test-papers. — Litmus  is  a  bluo  vegetable  pigment,  prepared  from 
various  species  of  lloccella  lichen,  exceedingly  sensitive  to  the  action 
of  acids,  which  turn  it  red.  When  thus  reddened,  alkalies  (potash, 
soda,  and  ammonia)  and  other  sohible  hydrates  readil}'  turn  it  blue. 
The  student  should  here  test  for  himself  the  delicacy  of  this  action 
by  experiments  with  paj)er  soaked  in  solution  of  litmus  and  dipped 
into  very  dilute  solutions  of  acids,  acid  salts  (KllC^II^Og,  e.  g.),  alka- 
lies, and  such  neutral  salts  as  nitrate  of  potassium,  sulphate  of  so- 
dium, or  chloride  of  ammonium. 

Solution  of  Litmus  (U.  S.  P.). — 1  part  of  litmus  is  macerated  for 
seven  days  in  10  parts  of  diluted  alcohol,  and  the  solution  poured  off 
from  insoluble  matter. 

Blue  litmus  papei-  (U.  S.  P.)  is  "  unsized  white  paper  colored  with 
solution  of  litmus."  Eed  litmus  jjajjer  (U.  S.  P.)  is  "  unsized  white 
paper  colored  with  solution  of  litmus  previously  reddened  by  the 
smallest  requisite  quantity  of  sulphuric  acid." 

Turmeric  jMper  (U.  S.  P.),  similarly  prepared  from  tincture  of  tur- 
meric (1  of  turmeric  root  or  rhizome  to  (3  of  diluted  alcohol,  nmce- 
rated  for  seven  days),  is  occasionally  useful  as  a  test  for  alkalies, 
which  turn  its  yellow  to  brown ;  acids  do  not  affect  it. 

Sulphydrate  of  Ammonium. 

Sixth  Si/nfhelic.al  Reaction. — Pass  sulphuretted  hydrogen 
gas  (H,iS)  through  a  small  quantity  of  solution  of  ammonia  in 
a  test-tube,  until  a  portion  of  the  liquid  no  longer  causes  a 
white  precipitate  in  solution  of  sulphate  of  magnesium  (Epsom 
salt)  ;  the  product  is  solution  of  sulphydrate  (or  sulphide)  of 
ammonium  (NHjHS),  the  "Solution  of  Sulphide  of  Ammo- 
nium," U.  S.  P.,  a  most  valuable  chemical  reagent,  as  will 
presently  be  apparent. 

NH.HO  +  H.,S  =  NH.HS  +  H,0. 
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"  Test-Solution  of  Sulphide  of  Ammonium,'^  U.  S.  P.,  is  mado  by 
passing  the  gas  prepared  in  tiie  apparatus  described  below  into  3 
tluidounces  of  AVater  of  Ammonia  so  long  as  the  gas  continues  to 

absorbed,  then  adding  2  more  ounces  of  the  ammonia,  and  pre- 
serving the  solution  in  a  well-stoi^percd  bottle. 

Sulphurettcil  liijdrogpn  is  a  compound  of  noxious  odor; 
hence  the  above  operation,  and  many  others,  described  further 
on,  in  which  this  gas  is  indispensable,  can  only  be  performed 
in  the  open  air,  or  in  a  fume-cupboard,  a  chamber  so  contrived 
that  deleterious  gases  and  vapors  shall  escape  into  a  chimney 
in  connection  with  the  external  air.  In  the  above  experiment, 
the  small  quantity  of  gas  required  can  be  made  in  a  test-tube, 
after  the  manner  of  hydrogen  itself.  To  two  or  three  frag- 
ments of  sulphide  of  iron  (FeS),  add  water  and  then  sulphuric 
acid ;  the  gas  is  at  once  evolved,  and  may  be  conducted  by  a 
tube  into  the  solution  of  Ammonia.  Sulphate  of  iron  remains 
dissolved  in  the  water. 

FeS  +  H,SO.  =  H,S  -f  FeS04. 

Cn/stals  of  sulphydrate  of  ammonium  (NH  JIS)  may  be  obtained 
on  bringing  ammonia  gas  (NII3)  and  sulphuretted  hydrogen  (H2S) 
together  at  a  low  temperature.  They  are  soluble  in  water  without 
decomposition. 

Siilphnretted-Hydrogen^  Apparatus. — As  no  heat  is  necessary 
in  making  sulphuretted  hydrogen,  the  test-tube  of  the  fore- 
going operation  may  be  advantageously  replaced  by  a  bottle, 
especially  when  larger  quantities  of  the  gas  are  required. 
In  analytical  operations  the  gas  should  be  purified  by  passing 
it  through  water  contained  in  a  second  bottle. 

The  most  convenient  arrangement  for  experimental  use  is 
prepared  as  follows  :  Two  common  wide-mouthed  bottles  are 
selected,  the  one  having  a  capacity  of  about  half  a  pint,  the 
other  a  quarter  pint ;  the  former  may  be  called  the  generating- 
bottle,  the  latter  the  wash-bottle.  Fit  two  corks  to  the  bottles. 
Through  each  cork  bore  two  holes  by  a  round  file  or  other 
instrument  of  such  a  .size  that  glass  tubing  of  about  the  diam- 
eter of  a  quill  pen  .shall  fit  them  tightly.  Through  one  of  the 
holes  in  the  cork  of  the  generating-bottle  pass  a  funnel-tube,  so 
that  its  extremity  may  nearly  reach  the  bottom  of  the  bottle. 
To  the  other  hole  adapt  a  piece  of  tubing,  (i  inches  long,  and 
bent  in  the  middle  to  a  right  angle.  A  similar  "  elbow-tube" 
i.s  fitted  to  one  of  the  holes  in  the  cork  of  the  wash-bottle,  and 
another  elbow-tube,  one  arm  of  which  is  long  enough  to  reach 
to  near  the  bottom  of  the  wash-bottle,  fitted  to  the  other  hole. 
Removing  the  corks,  two  or  three  ounces  of  water  are  now 
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poured  into  each  bottle,  an  ounce  or  two  of  sulphide  of  iron  put 
into  the  generating-bottle,  and  the  corks  replaced.  The  elbow- 
tube  of  the  generating-bottle  is  now  attached  by  a  short  piece 
of  India-rubber  tubing  to  the  long-armed  elbow-tube  of  the 

Fig.  18. 


Suljihuretted-Hydrogeu  Apparatus. 


wash-bottle,  so  that  gas  coming  from  the  generator  may  pass 
through  the  water  in  the  wash-bottle.  The  delivery-tube  of 
the  wash-bottle  is  then  lengthened  by  attaching  to  it,  by  Incia- 
rubber  tubing,  another  piece  of  glass  tubing  several  inches  in 
length.  The  apparatus  is  now  ready  for  use.  Strong  sulphuric 
acid  is  poured  down  the  funnel-tube  in  small  quantities  at  a 
time,  until  brisk  effervescence  is  established,  and  more  added 
from  time  to  time  as  the  evolution  of  gas  becomes  slow.  The 
gas  passes  through  the  tubes  into  the  wash-bottle,  where,  as  it 
bubbles  up  through  the  water,  any  trace  of  sulphuric  acid,  or 
other  matter  mechanically  carried  over,  is  arrested,  and  thence 
the  gas  flows  out  at  the  delivery-tube  into  any  vessel  or  liquid 
that  may  be  placed  there  to  receive  it.  The  generator  must  be 
occasionally  dismounted  and  the  sulphate  of  iron  washed  out. 

Luting  {Ititum,  mud). — If  the  corks  of  the  above  apparatus  are 
sound,  and  tube-holes  well  made,  no  escape  of  gas  will  occur.  If 
rough  corks  have  been  employed,  or  the  holes  are  not  cylindrical, 
linsoed-ineal  lute  may  be  rubbed  over  the  defective  parts.  The  lute 
is  prepared  by  mixiiii;  linseed-nieal  with  water  to  the  consistence  of 
dough.  A  neat  appearance  may  be  given  to  the  lute  by  gently  rub- 
bing a  well-wetted  finger  over  its  surface. 

(c)  Reactions  iMviiig  Analylical  Intrrest  (^Tests'). 

First  Analytical  Reaction^ — To  a  solution  of  any  salt  of  am- 
monium (the  chloride,  for  example)  in  a  test-tube,  add  solution 
of  caustic  soda  (or  solution  of  potash,  or  a  little  slaked  lime) ; 
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ammonia  gas  is  at  once  evolved,  recognized  by  its  well-known 
odor. 

NH.Cl  +  NaHO  =  NH3  +  H,0  +  NaCl. 

Though  ammonium  itself  cannot  be  kept  in  the  free  state,  its  com- 
pounds arc  stable.  Ammonia  is  easily  expelled  from  these  com- 
pounds by  action  of  the  stronger  alkalies,  caustic  potash,  soda,  or 
lime.  As  a  matter  of  exercise,  the  student  should  here  draw  out 
o(|uations  in  which  acetate  (NH^CjIIgO.^),  sulphate  (AnijSOJ,  nitrat;; 
(XII^NO^)  or  any  other  ammoniacal  salt  not  already  having  the 
odor  of  ammonia,  is  supposed  to  be  under  examination  ;  also  rep- 
resenting the  use  of  the  other  hydrates,  potash  (KIIO)  or  slaked  lime 
(Ca2H0). 

The  odor  of  ammonia  gas  is  perhaps  the  best  means  of  rec- 
ognizing its  presence ;  but  the  following  tests  are  also  occa- 
sionally useful.  Into  the  test-tube  in  which  the  ammonia  gas 
is  evolved  insert  a  glass  rod  moistened  with  hydrochloric  acid 
(that  is,  with  the  solution  of  hydrochloric  acid  gas,  conveniently 
termed  hydrochloric  acid,  the  Acidam  Hi/drochloricmn  of  the 
Pharmacopoeias)  ;  white  fumes  of  chloride  of  ammonium  will 
be  produced. 

NH3  +  HCl  =  NH.Cl. 

Hold  a  piece  of  moistened  red  litmus  paper  in  a  tube  in  which 
ammonia  gas  is  present ;  the  red  color  will  be  changed  to  blue. 

Second  Analytical  Reaction. — To  a  few  drops  of  a  solution 
of  an  ammonium  salt  add  a  drop  or  two  of  hydrochloric  acid 
and  a  like  small  quantity  of  solution  of  perchloride  of  platinum 
(PtCl.,)  ;  a  yellow  crystalline  precipitate  of  the  double  chloride 
of  platinum  and  ammonium  (PtCl42NH4Cl)  will  be  produced, 
similar  in  appearance  to  the  corresponding  salt  of  potassium, 
the  remarks  concerning  which  (p.  78)  are  equally  applicable 
to  the  precipitate  under  notice. 

Third  Analytical  Reaction. — To  a  moderately  strong  solu- 
tion of  an  ammonium  salt  add  a  strong  solution  of  tartaric 
acid,  and  shake  or  well  stir  the  mixture ;  a  white  granular 
precipitate  of  acid  tartrate  of  ammonium  will  be  formed. 

For  data  from  which  to  draw  out  an  equation  representing  this 
ction,  see  the  remarks  and  formulae  under  the  analogous  salt  of 
otassium  (p.  77). 

Fourth  Analytical  Fact. — Evaporate  a  few  drops  of  a  solu- 
tion of  an  ammonium  salt  to  dryness,  or  place  a  fragment  of  a 
salt  in  the  solid  state"  on  a  piece  of  platinum  foil,  and  heat  in 
a  flame ;  the  salt  is  readily  volatilized.  As  already  noticed,  the 
salts  of  potassium  and  sodium  are  fixed  under  these  circum- 
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stances,  a  point  of  diflFerence  of  which  advantage  will  frequently 
be  taken  in  analysis.  A  porcelain  crucible  may  often  be  ad- 
vantageously substituted  for  platinum  foil  in  experiments  on 
volatilization. 

Salts  of  ammonium  with  the  more  complex  acidulous  radicals 
seldom  volatilize  unchanged  when  heated.  The  oxalate,  when 
warmed,  loses  its  water  of  crystallization,  and  at  a  higher  tem- 
perature decomposes,  yielding  carbonic  oxide,  carbonic  acid 
gas,  ammonia  gas,  water  (the  three  latter  sometimes  in  combi- 
nation), and  several  organic  substances.  The  phosphate  yields 
more  or  less  phosphoric  acid  as  a  residue. 


Fig.  19.  Fig.  20.  Fig.  21. 


Triangular  Supporta  for  Crucibles. 

A  wire  triangle  may  be  used  in  supporting  cruciljles.  It  is  made 
by  twisting  together  each  pair  of  ends  of  three  (5  or  6  inch)  crossed 
pieces  of  wire  (Fig.  20).  A  piece  of  tobacco-pipe  stem  (about  2 
inches)  is  sometimes  placed  in  the  centre  of  each  wire  before  twist- 
ing, the  transference  of  any  metallic  matter  to  the  sides  of  the  cru- 
cible being  thus  prevented  (Fig.  21). 

Practical  Analysis. 

With  regard  to  those  experiments  which  are  useful  rather  as  means 
of  detecting  the  presence  of  potassium,  sodium,  and  ammonium,  than 
as  illustrating  the  preparation  of  salts,  the  student  should  proceed 
to  apply  them  to  certain  solutions  of  any  of  tlic  salts  of  potassium, 
sodium,  and  ammonium,  with  the  view  of  ascertaining  which  meta.1 
is  present ;  that  is,  proceed  to  practical  analysis.*    A  little  thought 


*  Sucli  solutions  are  prepared  in  educational  laboratories  by  a  tutor. 
They  should,  under  other  circumstances,  be  mixed  by  a  friend,  as  it  is 
not  desirable  to  know  previously  what  is  contained  in  the  substance 
about  to  be  analyzed. 

The  analysis  of  solutions  containing  onh'  one  salt  serves  to  impress 
the  memory  with  the  characteristic  tests  for  the  various  metals  and 
other  radicals,  and  familiarize  the  mind  with  chemical  principles. 
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will  eiuible  him  to  apply  these  reactions  in  the  most  suitable  order 
anil  to  the  best  advantage  for  the  contemplated  purpose :  but  the 
following  arrangements  are  perhaps  as  good  as  can  be  devised  :— 

directions  for  applying  the  foregoing  analytical  re- 
actions to  the  analysis  of  an  aqueous  solution  of 
a  salt  of  one  of  the  metals,  potassium,  sodium, 
Ammonium. 

Add  caustic  soda  to  a  small  portion  of  the  solution  to  be 
examined,  and  warm  the  mixture  in  a  test-tube  ;  the  odor  of 
ammonia  gas  at  once  reveals  the  presence  of  an  ammonium 
salt. 

If  ammonium  be  not  present,  apply  the  perchloride-of-plat- 
inum  test  to  another  portion  of  the  liquid  ;  a  yellow  precipitate 
proves  the  presence  of  potassium. 

(It  will  be  observed  that  potassium  can  only  be  detected,  in 
the  absence  of  ammonium,  salts  of  the  latter  radical  giving 
similar  precipitates.) 

The  flame-test  is  sufficient  for  the  recognition  of  sodium. 

DIRECTIONS  FOR  APPLYING  THE  FOREGOING  ANALYTICAL  RE- 
ACTIONS TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF 
SALTS  OF  ONE,  TWO,  OE  ALL  THREE  OF  THE  ALKALI 
METALS. 

Commence  by  testing  a  small  portion  of  the  solution  for  an 
ammonium  salt.  If  present,  make  a  memorandum  to  that  effect, 
and  then  proceed  to  get  rid  of  the  ammoniacal  compound  to 
make  way  for  the  detection  of  potassium :  advantage  is  here 
taken  of  the  volatility  of  ammonium  salts  and  the  fixity  of  those 
of  potassium  and  sodium.  Evaporate  the  original  solution  to 
dryness  in  a  small  basin,  transfer  the  solid  residue  to  a  porce- 
lain crucible,  and  heat  the  latter  to  a  low  redness,  or  until  dense 
white  fumes  (of  ammoniacal  salts)  cease  to  escape.  (See  Fig. 
19.)  This  operation  should  be  conducted  in  a  fume-cupboard, 
to  avoid  contamination  of  the  air  of  the  apartment.  When  the 
crucible  is  cold,  dissolve  out  the  solid  residue  with  a  small 
quantity  of  hot  water,  and  test  the  solution  for  potassium  by 

edical  students  seldom  have  time  to  go  further  than  this.  More 
horough  analytical  and  general  chemicul  knowledge  is  only  acquired 
f  working  on  such  mixtures  of  bodies  as  are  met  with  in  actual  [)nic- 
"ce,  beginning  with  solutions  which  may  contain  any  or  all  the  mem- 
"rs  of  a  group.  Hence  in  this  Manual  two  Tables  of  short  directions 
or  analyzing  are  given  under  each  group.  Pharmaceutical  students 
hould  follow  the  second  Table. 
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the  perchloride-of-platinulu  test,  and  for  sodium  by  the  flame- 
test. 

If  ammonium  is  proved  to  be  absent,  the  original  solution 
may,  of  course,  be  at  once  tested  for  potassium  and  sodium. 

Flame-test. — The  violet  tint  imparted  to  flame  by  potassium  salts 
may  be  seen  when  masked  by  the  intense  yellow  color  due  to  sodium, 
if  the  flame  be  observed  through  a  piece  of  dark-blue  glass,  a  medium 
which  absorbs  the  yellow  rays  of  light. 

Note  on  Nomenclature. — The  operations  of  evaporation  and  heat- 
inpf  to  redness,  or  ignition^  are  frequently  necessary  in  analysis,  and 
arc  usually  conducted  in  the  above  manner.  If  vegetaljle  or  animal 
matter  be  also  present,  carbon  is  set  free,  and  ignition  is  accom- 
panied by  carbonization ;  the  material  is  said  to  char.  When  all 
carbonaceous  matter  is  burnt  off,  the  crucible  being  slightly  inclined 
and  its  cover  removed  to  facilitate  combustion,  and  mineral  matter, 
or  ash,  alone  remains,  the  operation  of  incineration  has  been  effected. 

Note  on  the  Classification  of  Elements. — The  compounds  of  potas- 
sium, sodium,  and  ammonium  have  many  analogies.  Their  carbon- 
ates, phosphates,  and  other  common  salts  are  soluble  in  water.  The 
atoms  of  the  radicals  themselves  are  univalent — that  is,  displace  or 
are  displaced  by  one  atom  of  hydrogen.  In  fact,  they  constitute  by 
their  similarity  in  properties  a  distinct  group  or  family.  All  the 
elements  thus  naturally  fall  into  classes — a  fact  that  should  con- 
stantly be  borne  in  mind,  and  evidence  of  which  should  always  be 
sought.  It  would  be  impossible  for  the  memory  to  retain  the  details 
of  chemistry  without  a  system  of  classification  and  leading  princi- 
ples. Classification  is  also  an  important  feature  in  the  art  as  well 
as  in  the  science  of  chemistry ;  for  without  it  practical  analysis 
could  not  be  undertaken.  The  classification  adopted  in  this  volume 
is  founded  on  the  quantivalence  of  the  elements  and  on  theii*  ana- 
lytical relations. 


QUESTIONS  AND  EXERCISES. 

117.  AVhy  are  ammoniacal  salts  classed  with  those  of  potassium 
and  sodium? 

118.  Mention  the  sources  of  the  ammonium  salts. 

119.  Describe  the  appearance  and  other  characters  of  Chloride  of 
Ammonium. 

120.  Give  the  formula  of  Sulphate  of  Ammonium. 

121.  Adduce  evidence  of  the  existence  of  ammonium. 

122.  How  are  the  official  Waters  of  Ammonia  prepai-ed?  Give 
diagrams. 

123.  How  is  the  official  Solution  of  Acetate  of  Ammonium  pre- 
pared ? 

124.  What  is  the  composition  of  commercial  Carbonate  of  Ammo- 
nium ? 

125.  Define  sublimation. 
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126.  AVhat  ainmoniacal  salts  are  contained  in  Spiritun  Ammonice 
Aroinatims  / 

127.  Give  diagrams  or  ecjuations  illustrating  the  formation  of 
Citrate,  Phosphate,  and  Benzoate  of  Ammonium? 

128.  Give  the  formula  of  Oxalate  of  Ammonium. 

129.  Show  how  Hydrate  of  Ammonium  may  be  converted  into 
Sulphydratc. 

130.  Describe  the  preparation  of  Sulphuretted  Hydrogen  gas. 

131.  Enumerate  and  explain  the  tests  for  ammonium, 

132.  How  is  potassium  detected  in  a  solution  in  which  ammonium 
has  been  found  ? 

133.  Give  equations  illusti'ating  the  action  of  hydrate  of  sodium 
on  acetate  of  ammonium  ;  hydrate  of  potassium  on  sulphate  of  am- 
monium ;  and  hydrate  of  calcium  on  nitrate  of  ammonium. 

134.  What  are  the  effects  of  acids  and  alkalies  on  litmus  aud 
turmeric  ? 

135.  Describe  the  analysis  of  an  aqueous  liquid  containing  salts 
of  potassium,  sodium,  and  ammonium. 

136.  What  meanings  are  commonly  assigned  to  the  terms  evapor- 
ation, ignition,  carbonization,  and  incineration  '? 

137.  Write  a  short  article  descriptive  of  the  analogies  of  potas- 
sium, sodium,  and  ammonium,  and  their  compounds. 


BARIUM,  CALCIUM,  MAGNESIUM. 

These  three  elements  have  many  analogies.  Their  atoms  are 
bivalent. 

BARIUM. 

Symbol  Ba.  Atomic  weight  136.8. 
The  analytical  reactions  only  of  this  metal  are  of  interest  to  the 
general  student  of  pharmacy.  The  nitrate  (Ba2N03)  and  chloride 
(BaC]2,2H.^O)  are  the  soluble  salts  in  common  use  in  analysis  ("Test- 
Solution  of  Chloride  of  Barium,"  1  in  10  of  water,  U.  S.  P.);  and 
those  and  others  are  made  by  dissolving  the  native  carbonate 
(BaCOj),  the  mineral  witherite,  in  acids,  or  by  heating  the  other 
common  natural  compound  of  btirium,  the  sulphate,  heavy  white  or 
heavy  spar  (BaSOJ,  with  coal,  which  yields  sulphide  of  barium  (BaS), 

BaSO^-)-C4  =  4CO  +  BaS, 

and  dissolving  the  sulphide  in  appropriate  acids.  When  the  nitrate 
is  strongly  h(;atod,  it  is  decomposed,  the  oxide  of  barium  or  baryta 
(BaO)  remaining.  Baryta,  on  being  moistened,  assimilates  the  ele- 
ments of  water  with  great  avidity,  and  yields  hydrate  of  barium 
(Ba2H0).  The  latter  is  tolerably  solulile,  giving  baryta-wato^ ; 
and  from  this  solution  crystals  of  ifiydrate  of  barium  are  obtained 
on  evaporation. 

The  operations  above  described  may  all  Ixi  performed  in  test-tubes 
and  small  porcelain  crucibles  heated  by  the  gas-flame.  Quantities  of 
1  oz.  to  1  lb.  require  a  coke-furnace. 
9  « 
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Peroxide  of  barium  (BaO,)  is  formed  on  passinf?  air  over  baryta 
heated  to  low  redness.  By  the  action  of  dilute  iiydrocliloric  acid  it 
yields  solution  of  peroxide  of  liydrocjen  (IIi^O.^,  the  old  oxygenated 
water. 

Quantivalence. — The  atom  of  barium  is  bivalent,  Ba''''. 

Reactions  having  Analytical  Interest  (Tests). 
First  Ar.alytlcal  Reaction. — To  the  aqueous  solution  of  any 
soluble  salt  of  barium  (nitrate  or  chloride,  for  example)  add 
dilute  sulphuric  acid  ;  a  white  precipitate  is  obtained.  Set  the 
test-tube  aside  for  two  or  three  minutes,  and  when  some  of  the 
precipitate  has  fallen  to  the  bottom  pour  away  the  supernatant 
liquid;  wash  the  precipitate  by  adding  water,  shaking,  setting 
aside,  and  again  decanting ;  then  add  strong  nitric  acid,  and 
boil ;  the  precipitate  is  insoluble. 

The  production  of  a  white  precipitate  by  sulphuric  acid,  insoluble 
even  in  hot  nitric  acid,  is  highly  characteristic  of  barium.  The  name 
of  this  precipitate  is  sulphate  of  barium ;  its  formula  is  BaSO^. 

Antidotes. — In  cases  of  poisoning  by  soluble  barium  salts,  obvious 
antidotes  would  be  solutions  of  alum  or  of  any  sulphates,  such  as 
those  of  magnesium  and  sodium  (Epsom  salt,  Glaubers  salt). 

Second  Analytical  Reaction. — To  a  barium  solution  add 
solution  of  the  yellow  chromate  of  potassium  (K.^CrOi)  ;  a  pale 
yellow  precipitate  (BaCrOj)  falls.  Add  acetic  acid  to  a  por- 
tion of  the  chromate  of  barium  ;  it  is  insoluble.  Add  hj'dro- 
chloric  or  nitric  acid  to  another  portion  ;  it  is  soluble. 

Neutral  Chromate.'''' — The  red  chromate  (or  bichromate)  of  po- 
tassium (K2C'rO.,,Cr03)  must  not  be  used  in  this  reaction,  or  the 
barium  will  be  only  imperfectly  precipitated ;  for  the  red  salt  gives 
rise  to  the  formation  of  free  acid,  in  which  chromate  of  barium  is  to 
some  extent  soluble : — 

K^CrO^CrO,  +  2BaC]2  +  HjO  =  2BaCrO,  +  2KC1  +  2HC1. 

Yellow  chi'omate  is  obtained  on  adding  carbonate  of  potassium,  in 
small  quantities  at  a  time,  to  a  hot  solution  of  the  red  chromate  until 
effervescence  ceases ;  a  little  more  red  chromate  is  then  added  to  en- 
sure decomposition  of  any  slight  excess  of  carbonate  of  potassium. 

KjCrO^CrO,  -f  K^COj  =  2K,CrO,  +  CO,. 

For  analytical  purposes,  solution  of  a  neutral  chromate  is  still 
more  readily  prepared  by  simply  adding  solution  of  ammonia  to 
solution  of  red  chromate  of  potassium,  until  the  liquid  turns  j'cl- 
low,  and,  after  stirring,  smells  of  ammonia. 

K^CrO^.CrOj  +  2NHJI0  =  2KNII,CrO,  +  H,0. 

Other  Analytical  Reaction!;. — To  a  barium  solution  add  a 
soluble  carbonate  (carbonate  of  ammonium  (Am.^CO;i)  will 
generally  be  rather  nuu-e  useful  than  others);  a  white  prccipi- 
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tate  of  carbonate  of  barium  (BaCOa)  results.  To  more  of 

the  solution  add  an  alkaline  phosphate  or  arseniate  (phosphate 
of  sodium  (Na-JlPO^)  is  the  most  common  of  these  chemically- 
analogous  salts,  but  phosphate  of  ammonium  (Am.^HPOi)  or 
arseniate  (x\mi,HA.s04)  will  subsequently  have  the  preference) ; 
white  phosphate  of  barium  (BatlPO^),  insoluble  in  pure  water, 
but  slightly  soluble  in  aqueous  solutions  of  some  salts,  or 
arseniate  of  barium  (BallAsOj),  both  soluble  even  in  acetic 

and  other  weak  acids,  are  precipitated.  To  another  portion 

add  oxalate  of  ammonium  (Am.^C,j04)  ;  white  oxalate  of  barium 
(BaC^Oj)  is  precipitated,  soluble  in  the  diluted  mineral  acids, 

and  sparingly  so  in  acetic  acid.  The  silico-fluoride  of  barium 

(BaSiFf,)  is  insoluble,  and  falls  readily  if  an  equal  volume  of 
spirit  of  wine  be  added  to  the  solution  under  examination  after 

tlie  addition  of  hydrofluosilicic  acid  (HjSiFg).  Barium  salts, 

moistened  with  hydrochloric  acid,  impart  a  greenish  color  to 
flame. 

Mem. — Good  practice  will  be  found  in  writing  out  equations  de- 
scriptive of  each  of  the  foregoing  reactions. 


QUESTIONS  AND  EXERCISES. 
138.  What  is  the  quantivalence  of  barium? 

1.39.  Write  down  the  formulas  of  oxide,  hydrate,  chloride,  nitrate, 
carbonate,  and  sulphate  of  barium ;  and  state  how  these  salts  are 
prepared. 

140.  Describe  the  preparation  of  peroxide  of  hydrogen. 

141.  Which  of  the  tests  for  barium  are  most  characteristic?  Give 
an  equation  of  the  reactions. 

142.  Name  the  antidote  in  cases  of  poisoning  by  soluble  barium 
salts,  and  explain  its  action. 

CALCIUM. 

Symbol  Ca.  Atomic  weight  40. 
Calcium  compounds  form  a  large  proportion  of  the  crust  of  our 
earth.  Carbonate  of  calcium  is  met  with  as  chalk,  marble,  lime- 
stone, calc-spar,  etc. ;  the  sulphate,  us  gypsum  or  plaster  of  Paris 
(native  sulphate  of  calcium — CaS0„2H.p — deprived  of  water  by 
heat),  and  alabaster;  the  silicate  in  numy  minerals;  the  fluoride  of 
calcium  as  fluor-spar.  The  phosphate  is  also  a  common  mineral. 
The  element  itself  is  only  isolated  with  great  difiiculty.  The  atom 
of  calcium  is  bivalent,  Ca'^. 

Reactions  having  Synthetical  Interest: 
Chloride  of  Calcium. 
Flrnt  Si/i>theHc.al  Reaction. — To  some  hydrochloric  acid  add 
carbonate  of  calcium  (chalk,  or,  the  purer  form,  white  nuirble) 
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(CaCOj)  until  effervescence  ceases,  filter ;  solution  of  chloride 
of  calcium  (CaCla),  the  most  common  soluble  salt  of  calcium, 
is  formed. 

CaCO,     +     2HC1    =    CaCl,     +    H,0    +  CO, 

Carbonate  of  Hydrochloric  Cliloriile  of  AVater.  Carbonic 

calcium.  acid.  calcium.  acid  gas. 

This  solution  contains  carlionic  acid,  and  will  give  a  precipitate 
of  carbonate  of  calcium  on  the  addition  of  lime-water.  It  may  be 
obtained  quite  neutral  by  well  boilin^^  before  filtering  off  the  excess 
of  marble.    It  is  a  serviceable  test-liciuid  in  analytical  operations. 

Solution  of  chloride  of  calcium  evaporated  to  a  syrupy  consist- 
ence readily  yields  crystals  (CaCUjGHjO).  These  are  extremely 
deliquescent.  The  solution,  evaporated  to  dryness,  and  the  white 
residue  strongly  heated,  gives  solid  anhydrous  cliloride  of  calcium 
in  a  porous  form.  The  resulting  agglutinated  lumps  {Calcii  Chlori- 
diim,,  U.  S.  P.)  are  much  used  for  drying  gases,  and  for  freeing  cer- 
tain liquids  from  water.  The  salt  is  soluble  in  alcohol.  One  ^oart 
of  the  crystals  in  ten  of  water  constitutes  a  useful  test-liquid,  "lest- 
solution  of  Chloride  of  Calcium,"  U.  S.  P. 

Mem. — The  practical  student  has  already  met  with  solution  of 
chloride  of  calcium  as  a  by-product  or  secondary  product  in  the 
preparation  of  carbonic  acid  gas. 

Marble  often  contains  ferrous  carbonate  (FeCOa),  which  in 
the  above  process  becomes  converted  into  ferrous  chloride, 
rendering  the  chloride  of  calcium  impure : — 


FeCO,    +     2HC1  = 

Ferrous  Hydrochloric 
carbouate.  acid. 


FeCl,    +    H,,0    +  CO2 

Ferrous  Water.  Carbonic 

chloride.  acid  gas. 


If  absolutely  pure  chloride  of  calcium  be  required,  a  few 
drops  of  the  solution  should  be  poured  into  a  test-tube  or  test- 
glass,  diluted  with  water,  and  examined  for  iron  (by  adding 
sulphydrate  of  ammonium,  which  gives  a  black  precipitate  with 
salts  of  iron),  and,  if  the  latter  is  present,  hypochlorite  of  cal- 
cium (in  the  form  of  chlorinated  lime)  and  slaked  lime  should 
be  added  to  the  remaining  bulk  of  the  liquid,  and  the  whole 
boiled  for  a  few  minutes,  whereby  iron  (as  ferric  hydrate)  is 
thus  precipitated ;  on  filtering,  a  pure  solution  of  chloride  of 
calcium  is  obtained  : — 

4FeCl2    +    Ca2C10    -f    4CaH.,0.,    +  2H.,0 

Ferrous  Hypochlorite  Hydrate  of  "Water, 

chloride.  of  calcium.  calcium. 

-    2(Fe,6HO)    +  5CaCl., 

Ferric  Chloride 
hydrate.  of  calcium. 

This  is  the  official  process,  and  may  be  imitated  on  the  small 
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scale  aft^r  adding  a  minute  piece  of  iron  to  a  fragment  of  the 
marble  before  disolving  in  acid. 

The  niuncs,  forrauloe,  and  reactions  of  these  compounds  of  iron 
will  be  best  understood  when  that  metal  comes  under  treatment. 

Oxide  of  Calcium  (Q,uick  Lime). 

Second  Synthetical  Rcdction. — Place  a  small  piece  of  chalk 
in  a  strong  grate-fire  or  furnace  and  heat  until  a  trial  fragment, 
chijiped  otf  iVom  time  to  time  and  cooled,  no  longer  effervesces 
on  the  addition  of  acid;  caustic  lime,  CaO  (^Calx,  U.  S.  P.), 
remains. 

CaCOa     =     CaO     +  CO, 

C'ai'lioiiate  of  Oxide  of  Cai  liouic 

calcium  (cliulk),       calcium  (lime).         acid  gas. 

Koie. — Etymologically  considered,  this  action  is  analytical  {avnAvu, 
anahio,  I  resolve)  and  not  synthetical  {avvdeaic,  sunthesis,  a  putting 
together) ;  but  conventionally  it  is  synthetical,  and  not  analytical ; 
for  in  this,  the  usual  sense,  and  the  sense  in  which  the  words  are 
used  throughout  this  book,  synthesis  is  the  application  of  chemical 
action  with  the  view  of  producing  something,  analysis  the  applica- 
tion of  chemical  action  with  the  view  of  finding  out  the  composition 
of  a  substance.  In  the  etymological  view  of  the  matter,  there  is 
scarcely  an  operation  performed  either  by  the  analyst  or  by  the 
manufacturer  but  includes  both  analysis  and  synthesis — that  is, 
incluiles  interchange,  or  wetatheais. 

Lime-kilns. — On  the  large  scale  the  above  operation  is  carried  on 
in  what  are  termed  linie-kilns  {Kiln,  Saxon,  cijln,  from  cylene,  a 
furnace). 

Hydrate  of  Calcium  (Slaked  Lime). 

Slalced  Lime. — When  cold,  add  to  the  lime  about  half  its 
weight  of  water,  and  notice  the  evolution  of  steam  and  other 
evidence  of  strong  action  ;  the  product  is  dakcd  lime  or  hydrate 
of  calcium  (Ca2H0),  with  whatever  slight  natural  impurities 
the  lime  might  contain.  The  slaking  of  hard  or  "  stony  "  lime 
may  be  accelerated  by  using  hot  water. 

CaO       +       H,0       =  Ca2H0 

Lime.  Water.  Hydrate  of  calcium 

(flaked  lime). 

Lime-water. — Place  the  hydrate  of  calcium  (washed  with  a 
little  water  to  remove  traces  of  soluble  salts)  in  about  a 
hundred  times  its  weight  of  water;  in  a  short  time  a  satu- 
rated solution,  known  as  lime-water  {Liquor  Calcin,  U.  S.  P.), 
results.  It  contains  about  0.1.5  per  cent  of  slaked  lime,  or 
about  10  grains  of  hydrate  of  calcium  (Ca2I10),  equivalent 
to  about  1  I  or  12  grains  of  lime  (CaO),  in  one  (Imperial)  pint 
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at  00°  F.,  at  higher  temperatures  less  is  dissolved.  Sp.  gr. 
1.0015. 

Strong  Solution  of  Lime. — Slaked  lime  is  much  more  soluble  in 
aqueous  solutiou  of  sugar  than  in  pure  water.  The  Si/nqms  Calcis, 
U.  S.  P.,  is  such  a  solution,  containing  5  parts  of  lime  and  3U  of 
sugar  in  100  parts,  by  weight,  of  fluid. 

Solutions  of  hydrate  of  calcium  absorb  carbonic  acid  gas  on  ex- 
posure to  air,  a  semi-crystalline  precipitate  of  carbonate  being  de- 
posited. When  the  saccharated  solution  is  heated,  there  is  precipi- 
tated a  compound  consisting  of  three  molecules  of  lime  with  one  of 
sugar. 

Carbonate  of  Calcium. 

Third  Si/nthetical  Reaction. — To  a  solution  of  chloride  of 
calcium  add  excess  of  carbonate  of  sodium,  or  about  5  parts 
of  dry  chloride  to  13  of  carbonate  ;  a  white  precipitate  of  car- 
bonate of  calcium  (^Calcii  Gurbonas  PrsEcijntatua,  U.  S.  P.) 
(CaCOa)  results.  If  the  solutions  of  the  salts  be  made  hot 
before  admixture,  and  the  whole  set  aside  for  a  short  time,  the 
particles  aggregate  to  a  greater  extent  than  when  cold  water 
is  used,  and  the  product  is  finely  granular  or  slightly  crystal- 
line. 

CaCl,    +    Na,CO,,    =    CaCOj    +  2NaCl 

Chloride  of  Carbon.ate  of  Carbonate  of  Cliloricle  of 

calcium.  sodium.  calcium.  Bodimii. 

Collect  and  purify  this  Precipitated  Cludk  by  pouring  the 
mixture  into  a  paper  cone  supported  by  a  funnel,  and,  when 
the  liquid  has  passed  through  the  filter,  pour  water  over  the 
precipitate  three  or  four  times  until  the  whole  of  the  chloride 
of  sodium  is  washed  away.  This  operation  is  termed  icaxhing 
a  precipitate.  When  dried  by  aid  of  a  water-bath  (p.  109)  or 
other  means,  the  precipitate  is  fit  for  use. 

Filtering-pape)',  or  hihulous-paper  (from  hiho,  to  drink),  is  simply 
good  unsized  paper  made  from  the  best  white  rags — white  blotting- 
paper,  in  fact,  of  unusually  good  quality.    Students'  or  analysts' 


Fig.  22. 


Coustruction  of  Paper  Filters. 


filters,  on  which  to  collect  precipitates,  are  circular  pieces  {a)  of  this 
paper,  from  three  to  six  inches  in  diameter,  twice  folded  (A,  c),  and 
then  opened  out  so  as  to  form  a  lioUow  cone  {(i).    Square  pieces  ai'C 
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rounded  by  scissors  aftev  twice  folding-.  'I'he  cone  is  supported  by 
a  glass  or  eartlienware  funnel. 

Filters  should  always  be  cut  round  so  as  to  form  a  cone.  If  the 
.square  piece  of  paper  is  folded  and  used  without  being  so  cut  or 
trimmed,  an  ugly  angular  filter  results,  from  which  it  is  difficult  to 
wash  all  "mother-liquor"  (the  solution  of  chloride  of  sodium  is  the 
"  mother-li(|uor  "  in  the  previous  reaction).  If  a  spirituous  or  other 
volatile  liquor  is  being  passed  through  such  an  angular  filter,  much 
of  the  liquid  will  also  be  wasted  by  evaporation  from  the  unneces- 
sarily large  surface  exposed. 

Paper  filters  of  large  size  are  apt  to  break  at  the  point  of  the  cone. 
This  may  be  prevented,  and  the  rate  of  filtration  be  much  accelerated, 
by  supporting  the  paper  cone  in  a  cone  of  muslin. 

Washiiu/'hotile. — Precipitates  are  best  washed  by  a  fine  jet  of 
water  directed  on  to  the  different  parts  of  the  filter.  A  common 
narrow-necked  bottle  of  about  half-pint  capacity  (Fig.  23)  is  fitted 
with  a  cork ;  two  holes  are  bored  thi-ough  the  cork,  the  one  for  a 
glass  tube  reaching  to  the  bottom  of  the  bottle  within,  and  exter- 
nally bent  to  a  slightly  acute  angle,  the  other  for  a  tube  bent  to  a 
slightly  obtuse  angle,  the  inner  arm  terminating  just  within  the 
bottle.  The  outer  arms  may  be  about  3  inches  in  length.  The  ex- 
tremity of  the  outer  arm  continuous  with  the  long  tube  should  be 
previously  drawn  out  to  a  fine  capillary  opening  by  holding  the 
original  tube,  before  cutting,  in  a  flame,  and,  when  soft,  slowly  pull- 
ing the  halves  away  from  each  other  until  the  heated  portion  is  re- 
duced to  the  thinness  of  a  knitting-needle.  The  tube  is  now  cut  at 
the  thin  part  by  a  file,  and  the  sharp  edges  rounded  off  by  placing  iu 


Fig-  23.  Fig.  24. 


■Washing-bottles. 


a  flame  for  a  second  or  two.  The  outer  extremity  of  the  shorter  tube 
■^liould  also  be  made  smooth  in  the  flame.  The  apparatus  being  put 
together,  and  the  bottle  nearly  filled  with  water,  air,  blown  through 
the  short  tube  by  the  lungs,  forces  water  out  in  a  fine  stream  at  the 
capillary  orifice. 

For  a  hot-iuafer  vmsMng  Jla.tk  (Fig.  24)  the  tubes  and  cork  are 
fitted  to  a  flask  which  may  be  heated.  A  strip  of  leather  tied 
round  the  neck  will  protect  the  fingers. 

DerantoMim. — Precipitates  may  also  be  washed  by  allowing  them 
to  settle,  pouring  off  the  supernatant  liquid  (Fig.  25),  agitating  with 
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water,  again  allowing  to  settle,  and  so  on.  This  is  washing  by  <le- 
cantd.tioii  {de,  from,  cunllms,  an  edge).  If  a  stream  of  li(|iii(I  flow- 
ing from  a  basin  or  other  vessel  exhiliits  any  tendency  to  run  down 
the  outer  side  of  the  vessel,  it  should  bo  guided  by  a  glass  rod  placed 
against  the  point  whence  the  stream  emerges  (Fig.  26). 


Fig.  25.  Fig.  26.  Fig.  27. 


Decaiitation.  Decaritatiun.  Siphon  in  action. 


If  the  vessel  be  too  large  to  handle  with  convenience,  the  wash- 
water  may  be  drawn  off  by  a  siphon,  as  shown  in  miniature  in  Fig. 
27.  A  siphon  is  a  tube  of  glass,  metal,  gutta-percha,  or  India-rubber 
bent  into  the  form  of  a  V  or  U,  filled  with  water,  and  inverted ;  one 
end  immersed  in  the  wash-water,  and  the  other  allowed  to  hang  over 
the  side  of  the  vessel.  So  long  as  the  outer  orifice  of  the  instrument 
is  below  the  level  of  any  liquid  in  the  vessel,  so  long  will  that  liquid 
fl^ow  from  within  outwards.* 

Prepared  carbonate  of  calcium  {Creta  Prceparata,  U.  S.  P.)  is 
merely  washed  chalk  or  whidnff,  only  that  in  Pharmacy  fashion 
demands  that  the  chalk  be  in  little  conical  lumps,  about  the  size  of 
thimbles,  instead  of  the  larger  rolls  characteristic  of  whiting."' 
Wet  whiting  pushed,  portion  by  portion,  through  a  funnel,  and  each 
separately  dried,  gives  the  conventional  Creta  Frcepa7'ata.  Its  powder 
is  amorphous. 

Tenia  Prceparata  is  powdered  oyster-shell,  similarly  treated.  It  is 
an  inferior  kind  of  prepared  chalk. 


*  The  vatm-e  of  the  actinn  of  a  siphon  is  simple.  The  column  of  \v;i*er 
in  the  outer  limb  is  longer,  and  therefore  heavier  than  the  column  of 
similar  area  in  the  inner  limb.  (The  length  of  the  inner  lindi  must 
be  reckoned  from  the  surface  of  the  liquid,  the  portion  below  the  sur- 
face playing  no  part  in  the  operation.)  Being  heavier,  it  naturally 
falls  by  gravitation,  the  liquor  in  the  shorter  limb  instantly  following, 
because  pressed  upwards  by  the  air.  The  air,  be  it  observed,  exerts  a 
similar  amount  of  pressure  on  the  licjuid  in  the  outer  limb:  in  short, 
atmospiieric  pressure  causes  the  retention  of  li(|uid  in  the  instrument, 
while  gravitation  detcrndncs  tiie  direction  of  the  flow. 
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Phosphate  of  Calcium. 

Fourth  Si/nthetical  Rvuction. — Digest  bone-ash  (bones  iMirnt 
in  an  open  crucible  with  free  access  of  air  till  all  animal  and 
carboiuiceous  matter  has  been  removed — impure  phosphate  of 
calcium  {Os  dstiim,  B.  P.))  with  nearly  twice  its  weight  of 
hydrochloric  acid  (diluted  with  three  or  four  times  its  bulk  of 
water),  in  a  test-tube  or  larger  vessel ;  the  phosphate  is  dis- 
solved. 

Ga,2P0,    +    4HC1    =    CaH,2P04    +  2CaCl, 

Phosphate  of         Hydrocliloric  Acid  phosphate  Chloride  of 

calciuui  (impure).  acid.  of  calcium.  calcium. 

Dilute  with  water,  filter,  boil,  and  when  cold  add  excess  of 
solution  of  ammonia ;  the  phosphate  of  calcium,  now  pure 
(Calcii  Pkaxj^has  Prsecipitatus,  U.  S.  P.),  is  reprecipitated  as  a 
light  white  amorphous  powder.  After  well*  washing,  the  pre- 
cipitate should  be  dried  over  a  loater-bath  (see  below),  or  at  a 
temperature  not  exceeding  212°,  to  prevent  undue  aggregation 
of  the  particles. 

CaH,2P0^   +   2CaCl,   +  4AmH0  =  Ca,2P0t  -f  4AmCl 

Aciil  phosphate  Chloride  Aumiouia.  Pliosphate  Chlori  le  of 

of  calcium.  of  calcium.  of  calcium  ammouiuni. 


+  4H,0 

Water. 


(pure). 


Bone-ash  or  bone-earth  contains  small  quantities  of  carbonate 
and  sulphide  of  calcium.  These  are  decomposed  in  the  above 
process  by  the  acid,  chloride  of  calcium  being  formed ;  on  boil- 
ing the  mixture,  carbonic  acid  gas  and  sulphuretted  hydrogen 
gas  are  evolved.  Any  carbonaceous  or  siliceous  matter,  etc. 
is  removed  by  filtration.  In  bones  the  phosphate  of  calcium  is 
always  accompanied  by  a  small  quantity  of  an  allied  substance, 
phosphate  of  magnesium  ;  a  trace  of  fluoride  of  calcium  (CaF.^) 
is  also  present. 

A  Waff.v-bath  for  the  evaporation  of  liquids  or  for  drying 
moi.st  solids  at  temperatures  below  212°  F.  is  an  iron,  tin,  or 
earthenware  pan,  the  mouth  of  which  can  be  narrowed  by  iron 
or  tin  diaphragms  of  various  sizes,  and  having  orifices  adapted 
to  the  diameters  of  evapijratiiig  dishes  or  plates.  In  the  British 
Pliarinacoprieia,  "  when  a  v-ater-liiith  is  directed  to  be  used,  it 
in  to  be  understood  that  this  term  refers  to  an  apparatus  by 
means  of  which  water  or  its  vapor,  at  a  temperature  not  ex- 
ceeding 212°,  is  applied  to  the  outer  surface  of  a  vessel  con- 
taining the  substance  to  be  heated,  which  substance  may  thus 
be  subjected  to  a  heat  near  to,  but  necessarily  below,  that  of 
212°.  In  the  steam-batli  the  vapor  of  water  at  a  temperature 
10 
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above  212°,  but  not  exceeding  230°,  is  similarly  applied." 
Evaporation  in  vacuo  is  performed  by  simply  placing  the  vessel 
of  liquid  over  or  by  the  side  of  a  small  reservoir  of  strong  sul- 
phuric acid,  or  other  absorbent  of  moisture,  on  the  plate  of  an 
air-pump,  covering  with  a  capacious  glass  hood  or  "  receiver," 
and  exhausting. 

Bone-black,  or  Animal  Charcoal  (^Carbo  Animalis,  U.  S.  P.), 
is  the  residue  obtained  on  subjecting  dried  bones  to  a  red  heat 
without  access  of  air.  The  operation  may  be  imitated  by  heat- 
ing a  few  fragments  of  bone  in  a  covered  porcelain  crucible  in 
a  fume-chamber  until  smoke  and  vapor  cease  to  be  evolved. 
Purified  Animal  Charcoal  (^Carbo  Avimalis  Furificaths,  U.S. P.) 
is  obtained  by  digesting  animal  charcoal  (2  parts)  in  hydro- 
chloric acid  (3  parts)  and  water  (30  parts)  in  a  warm  place  for 
a  day  or  so,  filtering,  thoroughly  washing,  drjdng  over  a  water- 
bath,  and  igniting  the  product  in  a  closely  covered  crucible. 
The  reaction  is  the  same  as  that  just  described ;  that  is  to  say, 
the  acid  removes  the  phosphate  of  calcium  from  the  carbon  of 
animal  charcoal  by  forming  soluble  acid  phosphate  and  chloride 
of  calcium. 

Wood  Charcoal  ( Curbo  Ligni,  U.  S.  P.)  is  wood  similarly 
ignited  without  access  of  air. 

Decolorizing  Power  of  Animal  Charcoal. — Animal  charcoal, 
in  small  fragments,  is  the  material  employed  in  decolorizing 
solutions  of  common  brown  sugar  with  the  view  of  producing 
white  lump  sugar.  Its  power  and  the  nearly  equal  power  of 
an  equivalent  quantity  of  the  purified  variety  may  be  demon- 
strated on  solution  of  litmus  or  logwood. 

Si/nqms  Culcii  Lacto-phosphafin,  U.  S.  P.,  is  a  flavored  solu- 
tion of  precipitated  phosphate  of  calcium  in  lactic  acid. 

Phosphate  of  Soctimn. — Phosphate  of  calcium  is  converted 
into  phosphate  of  sodium  (Sodii Phosphas,  U.  S.  P.)  (NajHPOj, 
12H,,0)  as  follows  :  Mix,  in  a  mortar,  3  ounces  of  ground  bone- 
earth  with  one  fluidounce  of  sulphuric  acid ;  set  aside  for 
twenty-four  hours  to  promote  reaction  ;  mix  in  about  3  ounces 
of  water,  and  put  in  a  warm  place  for  two  days,  a  little  water 
being  added  to  make  up  for  that  lost  by  evaporation  ;  stir  in 
another  3  ounces  of  water,  warm  the  whole  for  a  short  time, 
filter,  and  wash  the  residual  sulphate  of  calcium  on  the  filter 
to  remove  adhering  acid  phosphate  of  calcium  ;  concentrate  the 
filtrate  (the  liquid  portion),  which  is  a  solution  of  acid  phos- 
phate of  calcium,  to  about  3  ounces,  filter  again,  if  necessary, 
add  solution  of  (about  4*  ounces  of  crystals  of)  carbonate  of 
sodium  to  the  hot  filtrate  until  a  precipitate  (a  phosphate  of 
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calciiini,  CaHP04)  ceases  to  form,  and  the  fluid  is  faintly  alka- 
line ;  filter,  evaporate,  and  set  aside  to  crystallize. 

Phospliate  of  sodium  occurs  "  in  transparent  colorless  rhom- 
bic prisms,  terminated  by  four  converging  planes,  efflorescent, 
tasting  like  common  salt."  One  part  to  ten  of  water  constitutes 
Solution  of  Phosphate  of  Soda,"  B.  P.  This  is  an  official  as 
well  as  the  ordinary  process.  The  following  equations  show 
the  two  decompositions  which  occur  during  the  operation : — 


Ca,2P0* 

+ 

2H,S0, 

=  CaH,2P0, 

+ 

2CaS04 

Pll<IS]llllltli 

Suliiliuric 

Acid  plio8|ihato 

Sulphate  of 

of  culchim. 

acid. 

of  calcium. 

calcium. 

CaH,2P0. 

+ 

Na,COa 

=  NaJIPO, 

+ 

H,0 

Acid  iiliosiilmte 

Carbonate 

Phospliate  of 

Water. 

of  calcium. 

of  sodiiun. 

sodium. 

CO, 

+  CaHPO^ 

Carbonic 

Phosphate 

acid  gas. 

of  calcium. 

Ordinary  phosphate  of  sodium  (Na2HP04,12H20)  eflBoresces 
rapidFy  in  the  air  until  nearly  half  its  water  has  escaped,  when 
it  has  a  permanent  composition  represented  by  the  formula 
Na.^HP04,7H.^O.  Phosphate  of  sodium  has  an  alkaline  reac- 
tion ;  neutralization  by  acid  results  in  the  removal  of  half  its 
sodium  and  formation  of  the  salt  NaHiPOj,H.,0. 

Hypochlorite  of  Calcium. 

F>yyh  Sj/ntheticdl  Reaction. — Pass  clilorine,  generated  as 
already  described,  into  damp  slaked  lime  contained  in  a  piece 
of  wide  tubing,  open  at  the  opposite  end  to  that  in  which  the 
delivery-tube  is  fixed.  (A  test-tube,  the  bottom  of  which  has 
been  accidentally  broken,  is  very  convenient  for  such  opera- 
tions.) Tlie  product  is  ordinary  bleachiiig-iwicdcr,  a  compound 
of  hypochlorite  and  chloride  of  calcium,  commonly  called  chlo- 
ride of  lime  (^Calx  C/dorata,  U.  S.  P.). 

MnO.,     +     4HC1     =     MnCl^     +    211,0    +  CI, 

Black  oxide  Hydrochloric  Chloride  of  M'ater.  Chlorine, 

of  manganese.  acid.  manganese. 

2CaH.,0,  +       2C1,     =-     2H,0     +     CaCl,0,  ,  CaCl,, 

Hydrate  of  Chlorine.  Water.  ]ly])ocliKMito  of  Chlnrido 

calcium.  of  calcium.      of  calcium. 

Chlorinatod  lime,  cxpo.scd  to  air  and  moisture,  as  in  disinfecting 
the  air  of  sick-room.s,  slowly  yields  hypochlorous  acid  (IICIO).  Free 
liypo(;hlnron.s  acid  soon  breaks  up  into  water,  chloric  acid  (IICIO,,), 
and  fru(!  chlorine.  Chloric  acid  is  also  un.stabln.  dccomposiu!!:  into 
"•xyjfcn,  water,  chlorine,  and  perchloric  acid  (IICIO,).  The  small 
<|uiiiitity  of  hypochlorous  acid  dilFused  through  an  apartment  when 
bleat^hing-powder  is  exposed  thus,  yields  fourteen-fifteenths  of  its 
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chlorine  in  the  form  of  chlorine  gas — one  of  the  most  efficient  of 
known  disinfectants. 

Constitution  of  BhacJiiiiff-poicdn-. — Treated  with  alcohol, 
bleaching-powder  does  not  yield  its  chloride  of  calcium  to  the 
solvent,  hence  the  powder  is  not  a  mere  mixture  of  chloride 
and  hypochlorite  of  calcium  :  water,  also,  does  not  dissolve  out 
first  one  salt,  and  then  the  other,  but  both  together,  in  the 
molecular  proportions  of  the  above  formula.  On  the  other 
hand,  when  the  aqueous  solution  is  cooled,  or  evaporated  in 
vacuo,  crystals  are  obtained  which  Kingzett  has  shown  to  be 
nearly  pure  hypochlorite  of  calcium,  the  solution  containing 
chloride  of  calcium.  While  the  former  fact  indicates  that  the 
powder  is  a  compound,  and  not  a  mei-e  mixture,  the  latter  in- 
dicates that  it  is  a  feeble  compound  ;  an  adhesion  of  molecules 
of  hypochlorite  and  chloride,  as  shown  in  the  equation,  rather 
than  any  more  intimate  or  closer  combination  of  atoms.  If 
it  be  regarded  as  a  single  rather  than  a  double  salt,  then  the 

following  formula  may  be  employed,  Ca 

Blenrhing-Nqiior. — Digest  chlorinated  lime  in  water,  in  which 
the  bleaching  compound  is  soluble,  filter  from  the  undissolved 
lime,  and  test  the  bleaching  powers  of  the  clear  liquid  by  add- 
ing a  few  drops  to  a  decoction  of  logwood  slightly  acidulated. 
One  pound  of  this  bleaching-powder,  shaken  several  times 
during  three  hours  with  1  gallon  of  water,  forms  Solution  of 
Chlorinated  Lime  (^Liquor  Calris  Ghloruts:,  B.  P.). 

Sixth  Synthetical  Reaction. — Heat  a  mixture  of  10  parts  of 
powdered  lime  and  9  of  sulphur  in  a  crucible  having  a  luted 
cover  for  an  hour.  The  product,  when  cold,  rubbed  to  powder, 
constitutes  Sulphurated  Lime  (Oilx  Sutphurafa,  U.  S.  P.). 
It  should  contain  not  less  than  36  per  cent,  of  sulphide  of 
calcium  (CaS)  ;  the  remainder  is  sulphate,  with,  probably,  sul- 
phite and  hyposulphite  of  calcium. 

Gummate  of  Calcium.  • 

Gummafe  of  Calcinm  is  the  only  official  calcium  salt  that 
remains  to  be  noticed.  This  compound  is,  in  short,  arahin, 
the  ordinary  Gum  Acacia,  or  Gum  xVrabic  (Ac<icia,  U.  S.  P.), 
a  substance  too  well  known  to  need  description.  A  solution 
of  gum  arable  in  water  (^Murikujn  Acacim,  U.  S.  P.)  yields  a 
rt^hite  precipitate  of  oxalate  of  calcium  on  the  addition  of  solu- 
tion of  oxalate  of  ammonium.  Or  a  piece  of  gum  burnt  to  an 
a.sh  in  a  porcelain  crucible  yields  a  calcareous  residue,  which, 
dissolved  in  dilute  acids,  affords  characteristic  reactions  with 
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any  of  the  following  analytical  reagents  for  calcium.  In  some 
specimens  of  gum  arable  a  portion  of  the  calcium  is  displaced 
by  an  equivalent  quantity  of  potassium  or  magnesium.  The 
gnmmic  radical  may  be  precipitated  as  opaque  gelatinous  gum- 
mate  of  lead  by  the  addition  of  solution  of  oxyacetate  of  lead 
(^Liquor  IHumbi  Subacetatk^  U.  S.  P.)  to  an  aqueous  solution 
of  gum.  These  statements  may  be  experimentally  verified  by 
the  practical  student. 

Tragacanth  {Ti-agacantha,  U.  S.  P.)  is  a  mixture  of  soluble  arabi- 
noid  gum  and  a  variety  of  calcium  gum  insoluljle  in  water,  termed 
bassoriit.  With  water  a  gelatinous  mucilage  is  formed  {Mucilago 
Tragacanthcc,  U.  S.  P.,  contains  6  parts  of  tragacanth,  18  of  gly- 
cerin, and  76  of  water). 

Reactions  having  Analytical  Interest  (Tests). 

First  AnnJi/tical  Reaction. — Add  sulphuric  acid,  very  highly 
diluted,  to  a  calcium  solution  contained  in  a  test-tube  or  small 
test-glass ;  sulphate  of  calcium  (CaSO„2H20)  is  formed,  but 
is  vot  precipitated,  it  being,  unlike  sulphate  of  barium,  slightly 
soluble  in  water. 

Solution  of  Sulphate  of  Calciim. — A  quarter  of  an  ounce  of  that 
(dried)  form  of  sulphate  of  calcium  known  as  plaster  of  Paris  (CaSOJ 
digested  in  one  pint  of  water  for  a  shoi't  time,  with  occasional  shak- 
ing, and  the  mixture  filtered,  yields  the  official  test-liquid  termed 
"  Solution  of  Sulphate  of  Lime,"  B.  P.  About  400  parts  of  the 
solution  contain  1  of  calcium. 

Second  Analytical  Reaction. — Add  yellow  chromate  of  potas- 
sium (KjCrOj),  or  other  neutral  chromate  (KAmCrO,,),  to  a 
calcium  solution  slightly  acidified  with  acetic  acid ;  chromate 
of  calcium  (CaCrO.,)  is  probably  formed,  but  it  is  not  precipi- 
tated.   Barium  is  precipitated  by  the  chromic  radical. 

These  two  negative  reactions  are  most  valuable  in  analysis,  as 
every  precipitant  of  calcium  is  also  a  precipitant  of  barium  ;  but 
the  above  two  reagents  are  prccipitants  of  barium  only.  Hence 
calcium,  which  when  alone  can  be  readily  detected  by  the  following 
reactions,  cannot  by  any  reaction  be  detected  in  the  ])rcscnce  of 
barium.  But  by  the  sulphuric  or  chromic  test  barium  is  easily 
removed,  and  then  cither  of  the  following  reagents  will  throw  down 
the  calcium. 

Other  Analytical  Reactions. — Add  carbonate  of  ammonium, 
phosphate  of  sodium,  arseniate  of  ammonium,  and  oxalate  of 
ammonium  to  calcium  .solutions  as  described  under  the  ana- 
lytical reactions  of  barium,  and  write  out  descriptive  equations. 
The  precipitates  correspond  in  appearance  to  those  of  barium  ; 
10  *• 
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their  constitution  is  also  similar,  hence  their  correct  formulae 
can  easily  be  deduced.  Of  these  precipitants  oxalate  of  am- 
monium is  that  most  commonly  used  as  a  reagent  for  calcium 
salts,  barium  being  absent.  The  oxalate  of  calcium  is  insoluble 
in  acetic,  but  soluble  in  hydrochloric  or  nitric  acid.  Cal- 
cium compounds  impart  a  reddish  color  to  the  flame. 


QUESTIONS  AND  EXERCISES. 

143.  Enumerate  some  of  the  common  neutral  compounds  of  cal- 
cium. 

144.  Explain,  by  an  equation,  the  action  of  hydrochloric  acid  on 
marble.    AVhat  official  compounds  result? 

145.  Why  is  chloride  of  calcium  used  as  a  desiccator  for  gases? 

146.  How  would  you  purify  Chloride  of  Calcium  which  has  been 
made  from  ferruginous  marble?    Give  diagrams. 

147.  Write  a  few  lines  on  the  chemistry  of  the  lime-kiln. 

14H.  In  what  sense  is  the  conversion  of  chalk  into  lime  an  analyt- 
ical action? 

149.  AVhat  occurs  when  lime  is  "  slaked  "  ? 

150.  To  what  extent  is  lime  soluble  in  water?  to  what  in  syrup? 

151.  Describe  the  preparation  of  the  official  Precipitate  of  Carbo- 
nate of  Calcium  ;  in  what  does  it  differ  from  Prepared  Chalk  ? 

152.  In  what  does  filtering-paper  differ  from  other  kinds  of  paper? 

153.  Explain  the  construction  of  "a  washing-bottle''  for  cleans- 
ing precipitates  by  water. 

154.  Describe  decantation. 

155.  Describe  the  construction  and  manner  of  employment  of  a 
siphon. 

156.  Explain  the  mode  of  action  of  a  siphon. 

157.  What  is  the  difference  between  Bone,  Bone-earth,  and  Pre- 
cipitated Phosphate  of  Calcium  ? 

158.  How  is  "  Bone-earth  "  purified  for  use  in  medicine? 

159.  Explain  the  action  of  hydrochloric  acid  on  Animal  Char- 
coal in  the  conversion  of  Carbo  Aiiinialis  into  Carbo  Animalis 
Fiirificatus. 

160.  What  is  the  chemical  difference  between  Carbo  Animalis 
and  Carbo  Ligni? 

161.  Give  equations  showing  the  conversion  of  Phosphate  of  Cal- 
cium into  Phosphate  of  Sodium. 

162.  Write  a  short  article  on  the  manufacture,  comjjosition,  and 
uses  of  "  bleaching-powder." 

163.  How  may  ualcium  be  detected  in  Gum  Arabic? 

164.  State  the  chemical  nature  of  Tragacanth. 

165.  To  what  extent  is  sulphate  of  calcium  soluble  in  water? 

166.  Can  calcium  be  precipitated  from  an  aqueous  solution  con- 
taining bai'ium? 

167.  Barium  being  absent,  what  reagents  may  be  used  for  the 
detection  of  calcium?    Which  is  the  chief  test? 
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MAGNESIUM. 

Symbol  Mg.    Atomic  weight  24. 

Source. — Magnesium  is  abundant  in  natui-e  in  the  form  of  magne- 
sian  or  mountain  limestone,  or  dolomite,  a  double  carl)ouate  of  mag- 
nesium and  calcium  in  common  use  as  a  buihling-stone  (e.  g.,  the 
Houses  of  Parliament  and  the  School  of  Mines  in  London),  and 
viagnesiie,  a  tolerably  pure  carbonate  of  magnesium,  though  too 
"stony"  for  direct  use  in  medicine,  even  if  very  finely  powdered. 
Chloride  of  magnesium  and  sulphate  of  magnesium  (Epsom  salt) 
also  occur  in  sea-water  and  in  the  water  of  many  springs.  A  mono- 
hydrous  sulphate  (MgSO.^HjO)  termed  Jdeserit  occurs  near  Stass- 
furt  in  Prussia.  Metallic  magnesium  may  be  obtained  from  the 
chloride  by  the  action  of  sodium.  It  bui-ns  readily  in  the  air, 
emitting  a  dazzling  light,  due  to  the  white  heat  to  which  the  result- 
ing particles  of  magnesia  (MgO)  are  exposed.  The  chloride  em- 
ployed as  a  source  of  the  metal  is  obtained  by  dissolving  the  car- 
bonate in  hydrochloric  acid,  adding  some  chloride  of  ammonium, 
evaporating  to  dryness,  heating  the  residue  in  a  flask  (on  the  sma.l 
scale  a  large  test-tube  or  Florence  flask)  until  the  chloride  of  am- 
monium is  all  volatilized  and  the  chloride  of  magnesium  remains  as 
a  clear  fused  liquid.  The  latter  is  poured  on  to  a  clean  earthenware 
slab.  The  chloride  of  ammonium  prevents  reaction  between  chlo- 
ride of  magnesium  and  water  in  the  last  stages  of  the  operation  and 
consequent  formation  of  oxide  (or  oxychloride)  of  magnesium  and 
hydrochloric  acid  gas. 

Quantivalence. — The  atom  of  magnesium  is  bivalent,  Mg'^. 

Reactions  having  Synthetical  Interest. 
Sulphate  of  Magnesium. 

First  Si/nthetical  Reaction. — To  a  few  drops  of  sulphuric 
acid  and  a  little  water  in  a  test-tube,  made  hot  (or  to  larger 
quantities  in  larger  ve.ssels),  add  powdered  native  carbonate  of 
magnesium,  viagnesite,  MgCO.,,  until  effervescence  ceases,  sub- 
sequently boiling  to  aid  in  the  expulsion  of  the  carbonic  acid 
gas.  The  filtered  liquid  is  a  solution  of  sulphate  of  magnesium 
(MgSOO,  crystals  of  which,  Epsom  salt  (MgSO^jTH.O)  (J%- 
vcsU  Sa/p/uis,  U.  S.  P.),  may  be  obtained  on  evaporating  most 
of  the  water  and  setting  tiie  concentrated  solution  aside  to 
cool.  This  is  an  ordinary  manufacturing  process.  Instead  of 
magnesite,  (lolomite,  the  common  magnesian  limestone  (carbo- 
nate of  magnesium  and  calcium,  CaCO:„MgCO;i),  may  be  em- 
]ili)ye(l,  any  iron  being  removed  by  evaporating  the  solution 
(filtered  from  tlie  sulphate  of  calcium  produced)  to  dryness, 
gently  igniting  to  decompose  sulphate  of  iron,  dissolving  in 
water,  filtering  from  oxide  of  iron,  and  crystiilli/.ing.  (Tf 
neither  mineral  be  at  hand,  the  practical  student  may  use  a 
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little  of  the  ordinary  manufactured  carbonate  of  pharmacy, 
for  the  chemical  action  is  almost  identical,  and  it  is  the  chem- 
istry and  not,  just  now,  the  commercial  economy  of  the  matter 
that  he  is  studying.  The  manufacturer  must,  of  course,  com- 
mence with  one  of  the  above  mineral  carbonates  furnished  by 
nature,  from  that  make  his  sulphate,  and  from  the  latter,  as 
will  be  seen  directly,  make  the  pure  pulverulent  carbonate  of 
pharmacy.) 

MgCO,    +    H,SO,    =    MgSO,    +    H.,0    -f  CO, 

Caibonnte  of  Sulphuiic  Sulphnte  of  Water.  Carbonic 

niuguc'sium.  auid.  niiigneiiiuin.  acid  gas. 

Sulphate  of  magnesium  readily  crystallizes  in  large,  colorless, 
transparent,  rhombic  prisms  ;  hut,  from  concentrated  solutions,  the 
crystals  are  deposited  in  short  thin  needles,  a  form  more  convenient 
for  manipulation,  .solution,  and  general  use  in  medicine. 

Iron  may  be  detected  in  sulphate  of  magnesium  bj^  adding  the 
common  alkaline  solution  of  chlorinated  lime  or  chlorinated  soda  to 
some  aqueous  solution  of  the  salt ;  brown  hydrate  of  iron  (Fe.^'jHO) 
being  precipitated.  Sulphydrate  ammonium  will  also  give  a  black 
precipitate  if  iron  be  present. 

Carbonates  of  Magnesium. 

Secovd  St/nthetical  Reaction. — To  solution  of  sulphate  of 
magnesium  add  solution  of  carbonate  of  sodium,  and  boil ;  the 
resulting  precipitate  is  Uglu  carbonate  of  magnesium  (^Maijnesix 
Otrbonus  Lfvis,  B.  P. ;  Magnesil.  Carhojim,  U.  S.  P.),  a  white, 
partly  amoi'phous,  partly  minutely  crystalline  mixture  of  car- 
bonate and  hydrate  of  magnesium  (3MgC03,Mg2HO,4:H,0, 
B.  P. ;  4MgC03,Mg2HO,5H20,  U.  S.  P.).  A  denser,  slightly 
granular  precipitate  of  similar  chemical  composition  (Mm/nc.fise 
Cai  bonas,  B.  P.)  is  obtained  on  mixing  strong  solutions  of  the 
above  salts,  evaporating  to  dryness,  then  removing  the  sulphate 
of  sodium  by  digesting  the  residue  in  hot  water,  filtering,  wash- 
ing, and  di-ying  the  j^recipitate. 

4MgS04    +    4Na,,C03    +    H,0    ^  3MgCO,,Mg2HO 

Sulphate  of  Caibonnte  of  Water.  Official  carbouate  of 

niajjuesium.  soilium.  uiaguesiuni. 

+    4Na,S0,     +  CO, 

Sulphate  of  Carbonic 
sodium.  acid  gas. 

The  official  (B.  P.)  proportions  for  the  light  carbonate  are  10  of 
sulphate  of  magnesium  and  12  of  crystals  of  carbonate  of  sodium, 
each  dissolved  in  SO  of  cold  water,  the  solution.s  mixed,  boiled  for  1.5 
minutes,  the  precipitate  collected  on  a  filter,  well  washed,  drained, 
and  dried  over  a  water-bath.  The  lieavier  carbonate  is  made  with 
the  same  pi-oportions  of  salts,  each  dissolved  in  20  instead  of  SO  of 


MAGNESIUM. 


117 


■\vatpr,  the  mixture  evaporated  quite  to  dryness,  and  the  residue 
washed  by  deeantation  or  filtration  until  all  sulphate  of  sodium  is 
removed  (shown  by  a  white  precipitate — sulphate  ol'  barium — ceas- 
ing to  form  on  the  addition  of  solution  of  chloride  or  nitrate  of 
barium  to  a  little  of  the  filtrate). 

Another  (^Pnttimnn's)  Process. — Considerable  quantities  of 
carbonate  of  nuignesium  are  now  prepared  by  treating  dolomite 
(see  p.  115)  with  carbonic  acid  under  pressure.  Of  the  two 
carbonates  the  niagnesian  is  dissolved  first,  and  is  precipitated 
from  the  clear  liquid  by  the  heat  of  a  current  of  steam.  (See 
next  reaction.) 

Third  tSi/)ithet!cnl  Reaction. — Pass  carbonic  acid  gas,  gene- 
rated as  described  on  page  Tl,  into  a  mixture  of  water  and  car- 
bonate of  magnesium  contained  in  a  test-tube.  After  some 
time,  separate  undissolved  carbonate  by  filtration  ;  the  filtrate 
contains  carbonate  of  magnesium  dissolved  by  carbonic  acid. 
When  of  a  strength  of  about  13  grains  in  one  ounce,  such  a 
solution  constitutes  "  Fluid  Mngnisid  "  (^Liquor  Ma gnesise,  Car- 
bonutis,  B.,  P.).  This  strength  of  about  3  per  cent,  at  about 
55°  F.  is  reduced  to  21  per  cent,  at  70°  and  to  about  2  per  cent, 
at  80°  F. 

Officially,  1  pint  is  directed  to  be  made  from  freshly  prepared  car- 
bonate. The  latter  is  obtained  by  adding  a  hot  solution  of  2  ounces 
of  sulphate  of  magnesium  in  half  a  pint  of  water  to  one  of  2^  ounces 
of  crystals  of  carbonate  of  sodium  in  another  half  pint  of  water, 
boiling  the  mixture  for  a  short  time  (to  complete  decomposition), 
filtering,  thoroughly  Avashing  the  precipitate,  placing  the  latter  in 
1  pint  of  distitlecl  water,  and  transmitting  carbonate  acid  gas 
through  the  liquid  (say,  at  the  rate  of  three  or  four  bubbles  per 
second)  for  an  hour  or  two,  then  leaving  the  solution  in  contact 
with  the  gas  under  slight  pressure  for  twenty-four  hours,  and, 
finally,  filtering  from  undissolved  carbonate,  and,  after  passing  in 
a  little  more  gas,  keepitig  in  a  wcll-corkcd  bottle.  Slight  pressure 
is  best  created  by  placing  the  carbonate  and  water  iji  a  bottle  fitted 
with  a  cork  and  tubes  as  for  a  wash-bottle  (p.  96  or  107),  conveying 
the  gas  by  the  tube  which  reaches  to  the  bottom,  and  allowing  excess 
of  gas  to  flow  out  by  the  upper  tube,  the  external  end  of  which  is 
continued  to  the  bottom  of  a  common  phial  containing  abo.ut  an 
inch  of  mercury.  The  phial  shouiil  b(!  loosely  plugged  with  cotton- 
wool, to  prevent  loss  of  metal  by  sjnirting  (lui  ing  the  flow  of  the 
iras  through  it.  (Each  inch  in  depth  of  mercury  through  which 
the  gas  escapes  eorr(!sponds  to  about  half  a  pound  pressure  on 
every  sqiian^  incli  of  surface  within  the  a]i[)aratus.) 

Ilcat  a  portion  of  the  solution  :  true  carbonate  of  magnesium  con- 
taining comliiiu'd  water  (MgCO.„;^l  1^0)  is  j^)recipitated.  'l"he  water 
in  this  coin[)ound  is  probably  in  the  state  of  water  of  erystallization, 
for  a  salt  having  the  same  compositi(jn  is  deposited  in  crystals  by  the 


118 


TlIK  METALLIC  RAI>IC!ALS. 


spontaneous  evaporation  of  tlic  solution  of  carbonate  of  magnesium. 
The  official  "carbonate'"  (;3MgC03.Mg2irO,41l20)  is  another  of  these 
very  common  lujdrous  compounds. 

E.xposod  to  cold,  the  solution  of  "fluid  magnesia"'  sometimes 
affords  largo  thick  crystals  (MgCOjjSHjO),  which,  in  contact  with 
the  air,  lose  water,  become  opaque,  and  then  have  the  composition 
of  those  deposited  by  evaporation  (MgCO^, 311.^0). 

Oxide  of  Magnesium  (Magnesia). 

Fourth  Sijiitln'tlcitl  Reaction. — Heat  light  dry  carbonate  of 
magnesium  in  a  porcelain  crucible  over  a  lamp  (or  in  a  larger 
earthen  crucible  in  a  furnace)  till  it  ceases  to  effervesce  on  add- 
ing, to  a  small  portion,  water  and  acid  ;  the  residue  is  light 
magnesia  (MgO)  (^Magnesia  Levis,  B.  P.  ;  Magnesia,  U.  S.  P.). 
The  same  operation  on  the  heavy  carbonate  yields  heavy  mag- 
nesia (MgO)  (^Maipiesid,  B.  P.  ;  Magnesia  Povderosa,  U.  S.  P.). 
Both  arc  sometimes  spoken  of  as  "  calcined  magnesia."  A 
given  weight  of  the  official  light  magnesia  occupies  three  and 
a  half  times  the  bulk  of  the  weight  of  heavy  magnesia. 

3MgCO.,,Mg2HO    =    4MgO    +    PI,0    +  SCO, 

Oflicial  cai'l)onato  of  Oxide  of  Water.  Carbonic 

niaguesium.  magnesium.  acid  gas. 

A  trace  only  of  magnesia  is  dissolved  by  pure  water. 
Moisten  a  grain  or  two  of  magnesia  with  water,  and  place  the 
paste  on  a  piece  of  red  litmus-paper  ;  the  wet  spot,  after  a  tin.e, 
becomes  blue,  showing  that  the  magnesia  is  slightly  soluble. 

"  Ejferuescljig  Citrate  of  Ifagnesia,"  so  called,  is  generally 
a  mixture  of  bicarbonate  of  sodium,  citric  acid,  tartaric  acid, 
sugar,  either  carbonate  or  sulphate  of  magnesium,  or  both,  and 
flavoring  essences.  True  citrate  of  magnesium  is  easily  made 
by  heating  together  calcined  magnesia  and  citric  acid ;  it  is 
frequently  prescribed  in  France  in  doses  of  two  ounces. 

The  official  "Granulated  Citrate  of  Magnesium"  (Magnrsii 
Citras  Granulatus,  U.  S.  P.)  is  made  as  follows  :  Mix  11  parts 
of  carbonate  of  magnesium  intimately  with  33  of  citric  acid, 
and  enough  distilled  water  to  make  a  thick  paste  ;  dry  this  at 
a  temperature  not  exceeding  30°  C  (8G°  F.),  and  reduce  it  to 
a  fine  powder.  Then  mix  it  intimately  with  8  of  sugar  (No. 
GO  powder),  37  of  bicarbonate  of  sodium,  and  15  of  citric  acid 
previously  reduced  to  a  very  fine  powder.  Dampen  the  mass 
with  a  sufficient  quantity  of  alcohol,  and  rub  it  through  a  No. 
20  tinned-iron  sieve,  to  form  a  coarse,  granular  powder.  Lastly, 
dry  it  in  a  moderately  warm  place. 

The  official  Effervescing  "  Solution  of  Citrate  of  Magne- 
sium "  {Liquor  Magnesii  CItratis,  U.  S.  P.)  is  made  by  dissolv- 
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ing  carbonate  of  magnesium  in  slight  excess  of  solution  of 
citric  acid,  adding  syrup  of  citric  acid,  placing  the  diluted 
liquid  in  an  acrated-water  bottle,  dropping  in  crystals  of  bicar- 
bonate of  potassium,  corking,  "  wiring,"  and  shaking  till  the 
crystals  are  dissolved. 

The  formula  of  citrate  of  magnesium  deposited  from  solu- 
tion is  Mg,2C6H50;,UH,0. 

Reactions-  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — Add  solution  of  hydrate  or  car- 
bonate of  ammonium  to  a  magnesian  solution  (sulphate,  for  ex- 
ample) and  warm  the  mixture  in  a  test-tube  ;  the  precipitation 
of  part  only  of  the  magnesium  as  hydrate  (Mg2H0)  or  car- 
bonate (MgCOa)  occurs.  Add  now  to  a  small  portion  of  the 
mixture  of  precipitate  and  liquid  a  considerable  excess  of  solu- 
tion of  chloride  of  ammonium ;  the  precipitate  is  dissolved. 

This  is  an  important  reaction,  especially  as  regards  carbonate  of 
magnesium,  the  presence  of  chloride  of  ammonium  enabling  the  ana- 
lyst to  throw  out  from  a  solution  barium  and  calcium  by  an  alkaline 
rarbonate,  magnesium  being  retained.  The  cause  of  this  retention  is 
found  in  the  tendency  of  magnesium  to  form  soluble  dovible  salts  with 
potassium,  sodium,  or  ammonium.  In  analysis,  the  chloride  of  am- 
monium should  be  added  before  the  carbonate,  as  it  is  easier  to  pre- 
vent precipitation  than  to  redissolve  a  precipitate  once  formed. 

Second  Anahjiical  Reaction. — To  some  of  the  solution  re- 
sulting from  the  last  reaction,  add  solution  of  phosphate  of 
sodium  or  ammonium ;  phosphate  of  magnesium  and  ammo- 
nium (MgNH4P04)  is  precipitated.  'id.  To  another  portion 

add  arseniatc  of  ammonium  ;  arseniate  of  magnesium  and 
ammonium  (MgNH^AsO,)  is  precipitated. 

Note. — Barium  and  calcium  are  also  precipitated  by  alkaline  phos- 
phates and  arscniates.  The  other  precipitants  of  magnesium  are 
also  precipitants  of  barium  and  calcium.  In  other  words,  there  is 
no  direct  test  for  magnesium.  Hence  the  analyst  always  removes 
any  l)arium  or  calcium  Ijy  an  alkaline  carbonate,  as  above  indicated; 
tlic  phosphate  of  sodium,  or  arseniate  or  phospliate  of  ammonium, 
then  becomes  a  very  delicate  test  of  the  presence  of  magnesium.  In 
speaking  of  magnesium  tests,  the  absence  of  barium  aud  calcium 
-  ilts  is  to  be  understood. 


QUESTIONS  AND  EXERCISES. 

_  168.  Name  the  natural  sources  of  the  various  salts  of  magne- 
sium. 
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1G9.  Give  a  process  for  the  preparation  of  Epsom  salt. 

170.  Draw  dia^ivaiiis  illustrative!  of  tlie  formation  of  sulphate  of 
magnesium  from  iiia<inesUe  and  from  dolovrUe. 

171.  Show  by  an  equation  the  process  for  the  preparation  of  the 
official  Carbonate  of  Magnesium. 

172.  What  circumstances  determine  the  two  different  states  of 
aggregation  of  the  Maguesice  Carhonas  and  Magnesice  Carhoitua 
Levis  ? 

173.  What  arc  the  relations  of  Magnesia  and  Magnesia  Levis  to 
the  British  official  Carbonates  of  Magnesium? 

174.  How  niucli  denser  is  the  one  than  the  other? 

175.  Is  magnesia  so.uljlc  in  water? 

176.  How  is  "  Fluid  Magnesia"  prepared? 

177.  Mention  the  effects  of  heat  and  cold  on  "  Fluid  Magnesia." 

178.  How  much  magnesia  (MgO)  can  be  obtained  from  100  grains 
of  Epsom  salt? 

179.  Calculate  the  amount  of  official  Carbonate  of  Magnesium 
which  will  yield  100  grains  of  magnesia. 

180.  Can  magnesium  be  detected  in  presence  of  barium  and  cal- 
cium ? 

181.  Describe  the  analysis  of  an  aqueous  liquid  containing  salts  of 
barium,  calcium,  and  magnesium. 

182.  How  may  magnesium  be  precipitated  from  solutions  contain- 
ing ammoniacal  salts? 


Quantivalence. 

On  reviewing  the  foregoing  statements  regarding  compounds  of 
the  three  univalent  radicals,  potassium,  sodium,  and  ammonium,  and 
the  three  bivalent  elements,  barium,  calcium,  and  magnesium,  the 
doctrine  of  quantivalence  will  be  more  clearl}'  understood,  and  its 
usefulness  more  apparent.  Quantivalence,  or  the  value  of  atoms,  is, 
in  short,  in  chemistry,  closely  allied  to  value  in  commercial  barter. 
A  number  of  articles,  differing  much  in  weight,  appearance,  and 
general  characters,  may  be  of  equal  money  value ;  and  if  these  be 
regarded,  for  convenience,  as  having  a  sort  of  unit  of  value,  others 
worth  double  as  much  might  be  termed  bivalent,  three  times  as  much 
trivalent,  and  so  on.  In  like  manner,  chemical  radicals,  no  matter 
whether  elementary,  like  potassium  (K),  iodine  (I),  or  sulphur  (^ ), 
or  compound,  like  those  of  nitrates  (NOj),  sulphates  (&0j,  or  ace- 
tates (CjH.jO.^),  have  a  given  chemical  value  in  relation  to  each  other, 
and  are  exchangeable  for,  and  will  unite  with,  each  other  to  an  extent 
determined  by  that  value. 

Most  chemical  salts  apparently,  though  prolialdy  not  really,  have 
two  parts,  a  basylous  and  acidulous,  the  one  quantivalently  balancing 
the  other.  The  formulas  of  the  chief  of  these  radicals  and  their  quan- 
tivalence are  given  on  the  following  page.  Examples  of  formulaj  of 
salts  containing  univalent,  bivalent,  and  trivalent  radicals  are  also 
appended. 


QUANTIVALENCE. 
QUANTIVALENCE  OF  COMMON  RADICALS. 
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Univalent  Radicals, 
or  Monads. 

Bivalent  Radicals, 
or  Dyads. 

Trivalent  Radicals, 
or  Triads. 

Acidulous.  Basylous. 

H  li 
CI  K 
I  Na 
HO  NH, 

NO3  Ag 
C^HjO,  Hg(ous) 

.\cidulous.  Basylous. 

0  Ca 
SO,  Mg 
CO3  Zn 
CjO,  Cu 
C,HA  Hg(ic) 
S  Fe(ous) 

Acidulous.  Basylous. 

PO,  As 
BO,  Sb 
C„IIA  Bi 
AsOj      f  Fe"'(ic) 
AsO,      \  or 
C,H30,  [Fev',(ic) 

Note. — The  hydrogen  (H)  in  the  basylous  parts  of  salts  has  en- 
tirely different  functions  from  the  hydrogen  (H)  in  the  acidulous  part. 
The  latter  gives  compounds  commonly  termed  hydrides  (e.  g.,  AsHj) ; 
in  the  former  the  element  is  the  ba.sylous  radical  of  acids  (e.  y., 
IICl,  ILSO,).  In  compound  radicals  (e.  g.,  C2II3O.2  or  Nil,)  the 
properties  of  hydrogen  are  no  longer  apparent ;  the  chemical  force 
resident  in  the  atoms  of  such  radicals  seems  to  be  mainly  exerted 
in  binding  those  atoms  together, 

Exanijjles  of  Formulae  of  Salts  con  taining  Univalent,  Bivalent,  and 
Trivalent  Radicals. 
The  reader  will  find  instructive  practice  in  writing  twenty  or 
thirty  imaginary  formulaj  of  salts  by  placing  in  juxtaposition  acid- 
ulous and  basylous  radicals,  as  in  the  following  examples.  Just  as  in 
a  pair  of  scales  a- 2-lb.  weight  must  be  balanced  by  two  1-lb.  weights, 
or  a  4-lb.  weight  by  two  2-lb.  weights,  or  by  one  3-lb.  and  one  1-lb. 
weight,  so  a  bivalent  radical  unites  with  a  bivalent  radical  or  with 
two  univalent  radicals,  a  quadrivalent  radical  with  two  bivalent  radi- 
cals, or  with  one  trivalent  and  one  univalent  radical,  and  so  on. 

(R  =  any  basylous  Radical.)      {R  =  any  acidulous  Radical.) 
Gene7-al  formula.  Examjjles. 

R'R'  KI,  NaCl,  NIIAHgOj,  AgNO^. 

R"/?'.,     ....    CaCl.,,  Zn2C.,IL0.„  Pb2NO:,(BaN03C.,H30.,). 
R-'TZ^    ....    Bi3N63,  A.sll,,  SbCl3. 


li\\VR'''  . 
Wir'  .  . 
\V',R'^\.  . 

W\R",R'\ 

J  I 


)  f  K.,co3,  Na.,so,,  n.,c;ii,o,, 

I    1  KIICO.,,  NallSO,  KNaCyiA. 
)    j  Am^PO,,  K^CJIA,  H3ASO3. 
i    (  Na^HPO,,  Na.,IiAsO,. 

CaCO.„MgO,  CuSO,,  IlgO,  FeSO^. 
00,2 P0„  Ca.,2C„Il507. 
MirAmPO,,  CuIIAsOa. 
BiONO.,. 
Bi.A<'0.,. 

A..,A„  Sb,P3,  FeA,  Fc,.3S0,. 
BiC«lIA. 

Fc.CIg,  Fe/iNO.H,  Fe.,fiCjH30j. 
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Quadrivalent  Radicals  or  Tetrads,  Quinquivalent  Radicals  or  Pen- 
tads, and  Sexivalent  Radicals  or  Hexads,  are  known. 


EXERCISE. 

183.  Write  an  exposition  of  the  doctrine  of  Quantivalence  within 
the  limits  of  a  sheet  of  note  paper. 


Directions  for  applying  the  foregoing  analytical 

REACTIONS  to  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION* 
OF  A  SALT  OF  OWE  OF  THE    METALS,  BaRIUM,  CaLCIUM, 

Magnesium. 

Add  yellow  chromate  of  potassium  to  a  portion  of  the  solu- 
tion to  be  examined ;  a  precipitate  indicates  barium. 

If  no  barium  is  present,  add  chloride  and  carbonate  of  ammo- 
nium, and  boil  ;  a  precipitate  indicates  calcium. 

If  barium  and  calcium  are  proved  to  be  absent,  add  chloride 
of  ammonium,  ammonia,  and  then  either  phosphate  of  sodium 
or  arseniate  of  ammonium  ;  a  white  granular  precipitate  indi- 
cates- magnesium. 

Ammonia  is  here  added  to  yield  the  necessary  elements  to  ammo- 
nio-magnesian  phosphate  or  ammonio-magnesian  arseniate,  both  of 
which  ai"e  highly  characteristic  precipitates  ;  and  chloride  of  ;immo- 
nium  is  added  to  prevent  a  mere  partial  precipitate  of  the  magne- 
sium by  the  ammonia. 

Directions  for  applying  the  foregoing  analytical 
reactions  to  the  analysis  of  an  AQUEOUS  solution 

OP  ONE,  TWO,  OB  ALL  THREE  OF  THE  METALS,  BA- 
RIUM, Calcium,  Magnesium. 

Add  chromate  of  potassium  to  the  solution;  barium,  if  pres- 
ent, is  precipitated.  Filter,  if  necessary,  and  add  to  the  A7- 
trate  (that  is,  the  liquid  which  has  run  through  the  filter)  chlo- 
ride, hydrate,  and  carbonate  of  ammonium,  and  boil ;  calcium, 
if  present,  is  precipitated.  Filter,  if  requisite,  and  add  phos- 
phate of  sodium  ;  magnesium,  if  present,  is  precipitated. 

Note. — Red  chromate  of  potassium  must  not  be  used  in  these  op- 
erations, or  a  portion  of  the  barium  will  remain  in  the  liquid  and  be 
thrown  down  with,  or  in  place  of,  the  carljonate  of  calcium  {vide  p. 
102).  The  yellow  chromate  must  not  contain  carl)onate  of  potas- 
sium, or  calcium  will  be  precipitated  with,  or  in  place  of,  barium. 

*  In  preparing  such  solutions  for  analysis,  salts  should  be  selected 
which  do  not  decompose  eacii  other,  ('lilorides  will  serve  in  most 
cases,  but  nitrates. and  acetates  are  still  more  convenient. 


ALKALI  AND  ALKALINE  EARTH  METALS. 
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The  absence  of  carbonate  is  jtrovod  lij^  the  nnn-oeciirr(>ncc  of 
ell'ervescenee  on  tlie  addition  of  hydrochloric  acid  to  a  little  of  the 
solution  of  the  ehromate,  previously  made  hot  in  a  test-tube.  If 
the  yellow  ehromate  has  been  prepared  by  addinff  excess  of  ammo- 
nia to  solution  of  red  ehromate  of  potassium,  its  addition  to  the 
liquid  to  be  analyzed  must  bo  preceded  by  that  of  solution  of  chlo- 
ride of  ammonium,  the  precipitation  of  a  portion  of  the  magnesium 
(by  the  free  ammonia  in  the  yellow  ehromate)  is  thus  prevented,  for 
L-liloride  of  ammonium  solution  is  a  good  solvent  of  hydrate  (and 
carbonate)  of  magnesium,  as  already  stated  on  page  119. 

Note  1. — The  analysis  of  solutions  containing  the  foregoing  met- 
als is  commenced  by  the  addition  of  chloride  of -ammonium  (AmCl) 
and  ammonia  (AmllO),  simply  as  a  precautionary  measure,  the  for- 
mer compound  preventing  partial  precipitation  of  magnesium,  the 
latter  neutralizing  acids.  The  carbonate  of  ammonium  (Am.^CO.,)  is 
the  important  group  reagent — the  precipitant  of  barium  and  calcium. 

Note  2. — In  the  following,  and  in  subsequent  charts  of  analytical 
liroeesses.  the  leading  precipitants  will  be  found  to  be  ammonium 
salts.  These,  being  volatile,  can  be  got  rid  of  towards  the  end  of 
the  operation.s,  and  thus  the  detection  of  potassium  and  sodium  be 
in  no  way  prevented — an  advantage  which  could  not  be  had  if  such 
salts  as  ehromate  of  potassium  or  phosphate  of  sodium  were  the 
group-precipitants  employed. 

Note  3. — Acetic,  and  not  hydrochloric  or  nitric,  acid  is  used  in 
dissolving  the  barium  and  calcium  carbonates,  because  ehromate  of 
liarium,  on  the  precipitation  of  which  the  detection  of  barium  de- 
]>ends,  is  soluble  in  the  sti-onger  acids,  and  therefore  could  not  be 
thrown  down  in  their  presence. 

Table  of  short  directions  for  applying  the  foregoing 
analytical  reactions  to  the  analysis  of  an  aqueous 

solution  of  salts  CONTAINING  ANY  OE  ALL  OF  THE 
METALLIC  ELEMENTS  HITHERTO  CONSIDERED. 


To  the  solution  add  AmCl,  AmllO,  Am2C03 ;  boil  and  filter. 


Precipitate 
Ba  Ca. 
AVash,  dissolve  in  nC,II.,0„ 
add  K^CrOj,  and  filter. 

Filtrate 
Mg  Am  Na  K. 
Add  AnLjIIPO^,  shake,  filter. 

Precipitate 
Ba.* 

Filtrate 

Ca. 
Test  by 
Am.cA- 

Precipitate 
Mg. 

Filtrate 
Am  Na  K. 
Evap.  to  dryness,  ignite, 
dissolve   residue  in 
water. 
Test  for  K  by  PtCl,. 
Test  for  Na  by  Hame. 
Test  orig.  sol.  for  Am. 

*  It  is  perhaps  scarcely  necessary  to  state  that  this  precipitate  is 


124 


THE  METALLIC  RADICATES. 


Note  on  Classification. — The  compounds  of  barium,  calcium,  and 
magnesium,  like  those  of  the  alkali  metals,  have  many  analogies ; 
the  carbonate,  phosphate,  and  arseniate  of  each  is  insoluble  in 
water,  which  sufficiently  distinguishes  them  from  the  members  of 
the  class  first  studied.  They  possess,  however,  well-marked  differ- 
ences, so  that  their  separation  from  each  other  is  easy.  The  solu- 
bility of  their  hydrates  in  water  marks  their  connection  with  the 
alkali  metals ;  the  slightness  of  that  solubility,  diminishing  as  we 
advance  further  and  further  from  the  alkalies,  baryta  being  most 
and  magnesia  least  soluble  in  water,  points  to  their  connection  with 
the  next  class  of  metals,  the  hydrates  of  which  are  insoluble  in 
water.  These  considerations  must  not,  however,  be  over-valued. 
Though  the  solubility  of  their  hydrates  places  barium  nearest  and 
magnesium  farthest  from  the  alkali  metals,  the  solubilit}'  of  their 
sulphates  gives  them  the  opposite  order,  magnesium-sulphate  being 
most  soluble,  calcium-sulphate  next,  strontium-sulphate  third  (stron- 
tium is  a  rarer  element,  which  will  be  mentioned  subsequently),  and 
barium-sulphate  insoluble  in  water.  These  elements  are  sometimes 
spoken  of  as  the  metals  of  the  alkaline  earths. 

Note. — In  connection  with  the  bivalence  of  the  metals  Barium, 
Calcium,  and  Magnesium,  it  is  interesting  to  note  that  just  as  biva- 
lent acidulous  radicals  give  salts  containing  two  atoms  of  univalent 
basylous  radicals  (KjSOi,  NallSO^,  HjCOg,  KNaCJl^e),  so  biva- 
lent basylous  radicals  yield  salts  containing  two  atoms  of  univalent 
acidulous  radicals,  as  seen  in  acetonitrate  of  barium,  BaCjHjOoXOj, 
a  salt  which  is  a  definite  compound,  and  not  a  mere  mixture  of  ace- 
tate with  nitrate  of  barium.  A  very  large  number  of  such  salts  is 
known. 

Distillation. 

The  water  with  which,  in  analysis,  solution  of  a  salt  or  dilution 
of  a  liquid  is  effected  should  be  pure.  Well-  or  river-water  is  unfit 
for  the  purpose,  because  containing  alkaline  and  earthy  salts  (about 
20  to  60  grains  per  gallon),  derived  from  the  soil  through  which  the 
water  percolates,  and  rain-water  is  not  unfrequently  contaminated 
with  the  dust  and  debris  which  fall  on  the  roofs  whence  it  is  usually 
collected.  Such  water  is  purified  by  distillation,  an  operation  in 
which  the  water  is  by  ebullition  converted  into  steam,  and  the  steam 
condensed  again  to  water  in  a  separate  vessel,  the  fixed  earthy  and 
other  salts  remaining  in  the  vessel  in  which  the  water  is  boiled. 


chromate  of  barium  (BaCr04),  as  any  reader  who  has  carefully  gone 
through  the  "  foregoing  analytical  reactions  "  will  know.  The  occur- 
rence of  chromate  of  barium  at  tiiis  particular  place,  however,  and 
under  the  circumstances  described,  is  abundant  evidence  of  the  j)res- 
ence  of  barium  (in  some  form  or  other)  in  the  liquid  analyzed  — 
which  was  a  part  of  the  problem  to  be  solved  by  the  ojierator.  Sim- 
ilar remarks  apply,  of  course,  to  the  ('a,  which  is  finally  precipitated 
as  oxalate  (Ca(J204),  to  Mg,  which  is  thrown  out  as  ammonio-phos- 
phate  (MgAmPO,),  to  Am,  Na,  and  K,  and  to  the  elements  similarly 
alluded  to  in  the  other  subsequent  tables  for  "short"  directions  Ibr 
analysis. 
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On  the  large  scale,  ebullition  is  elleetcd  in  metal  boilers  havinj^  a 
hood  or  head  in  which  is  a  lateral  opening  through  which  passes 
the  steam  ;  on  the  small  scale,  either  a  common  ghiss  flask  is  em- 
ployed, into  the  neck  of  which,  by  a  cork,  is  inserted  a  glass  tube 

Fig.  28. 


a 


hent  to  an  acute  angle,  or  a  retort  is  used  («,  Fig.  28)  a  sort  of  long- 
necked  Florence  flask,  dextrously  bent  near  the  body  by  the  glass- 
worker  to  an  appropriate  angle  (hence  the  name  reto/V,'from  retor- 

fmeo,  to  bend  back).  Condensation  is  effected  by  surrounding  the 
ateral  steam-tube  with  cold  water.  In  large  stills  the  steam-tube, 
or  condensing-ioornij  is  usually  a  inetal  (tin)  pipe,  twisted  into  a 
spiral  form  for  the  sake  of  compactness,  and  so  fixed  in  a  tub  that  a 
few  inches  of  one  end  of  the  pipe  may  pass  through  and  closely  fit 
a  hole  bored  near  the  bottom  of  the  tub.  Cold  water  is  kept  in  con- 
tact with  the  exterior  of  the  pipe,  provision  being  made  for  a  con- 
tinuous supply  to  the  bottom,  while  the  lighter  water  heated  by  the 
condensing  steam  runs  off  from  the  top  of  the  column.  The  con- 
denser for  a  flask  or  retort  may  be  a  simple  glass  tube  of  any  size, 
placed  within  a  second  much  wider  tube  (a  common  long,  narrow 
lamp-ghiSH  answers  very  well  for  experimental  operations),  the  inner 
tube  being  connected  at  the  extremities  of  the  wider  by  bored  corks  ; 
a  stream  of  water  passes  into  one  end  of  the  inclosed  space  (the  end 
furthest  from  the  retort)  through  a  small  glass  tube  inserted  in  the 
cork,  and  out  at  the  other  through  a  similar  tube.  The  common 
(Liebig'.s)  form  of  ]al)oratory  condenser  is  a  glass  tube  three-fourths 
of  an  inch  wide  and  a  yard  long  (/>,  Fig.  28),  surrounded  by  a 
shorter  tin  or  -/.inc  tulic  (r.  Fig.  28)  two  inches  in  diameter,  and 
having  at  each  extremity  a  neck,  through  which  the  glass  tube 
pa.sses.  The  ends  of  the  necks  of  the  tin  tul)e,  and  small  jiortion.s 
of  glass  tube  near  them,  are  connected  l>y  means  of  a  strip  of  sheet 
caoutchouc  carefully  bound  round,  or  by  short,  wide  India-rubber 
tubes  ('/  and  «,  Fig.  28).  An  aperture  liear  the  lower  part  of  the 
tin  tulie  provides  for  tin;  admission  of  a  current  of  cold  water,  and 
a  similar  aperture  near  the  top  (r/,  Fig.  28)  allows  the  escape  of 
heated  water.  The  inner  tube  may  thus  constantly  lie  surrounded 
by  cold  water,  and  heated  vapors  passing  througli  it  be  perfectly 
cooled  and  condensed  in  any  receiver  (/;,  Fig.  28). 
11  ■* 
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The  official  Water  (Aqua,  U.  S.  P.)  is  to  contain  "  not  more  than 
1  part  of  fixed  impurities  in  10,000  parts,"  and  to  be  so  free  from 
organic  matter  that  when  tinted  rose-red  with  permanganate  of 
potassium  the  color  should  not  be  destroyed  after  boiling  the  fluid 
for  5  minutes,  or,  in  the  case  of  Distilled  Water,  after  setting  the 
vessel  aside,  well  covered,  for  ten  hours. 

In  distilling  several  gallons  of  water  for  analytical  or  medicinal 
purposes  {Aqua  Disiillaia,  U.  S.  P.)  the  first  two  or  three  pints 
should  be  rejected,  because  likely  to  contain  ammouiacal  and  other 
volatile  impurities. 

Rectification  is  the  process  of  redistilling  a  distilled  liquid.  Rec- 
tified spirit  is  spirit  of  wine  thus  treated. 

Dry  or  destructive  distillation  is  distillation  in  which  the  con- 
densed products  are  directly  formed  by  the  decomposing  influence 
of  the  heat  applied  to  the  dry  or  non-volatile  substances  in  the 
retort  or  still. 


EXERCISE. 

184.  Write  from  memory  two  or  three  pjvragraphs  descriptive  of 
distillation. 


Recapitulation. 

The  subject  just  alluded  to  (distillation)  naturally  excites 
wonder  respecting  the  cause  of  the  physical  difference  between 
solid,  liquid,  and  gaseous  water.  (Common  observation  will 
have  suggested  to  the  student  that  the  force  of  beat  has  much 
to  do  with  the  difference,  and  if  he  will  turn  to  the  chapter 
on  latent  heat  in  any  book  on  Physics  he  will  find  that,  as 
already  indicated  (p.  84),  when  ice  liquefies  by  beat  a  very 
large  amount  of  heat  must  be  used  before  the  slightest  rise  of 
temperature  occurs.  Afterwards  the  addition  of  heat  makes 
the  water  hotter  and  hotter  until  one  other  point  is  reached 
(the  boiling-point),  when  here  again  a  great  amount  of  beat  is 
absorbed  without  causing  the  slightest  rise  in  temperature. 
Afterwards  more  beat  makes  the  gaseous  water  hotter  and 
hotter,  until,  like  a  bar  of  iron,  the  steam,  under  special  con- 
ditions, is  made  red  hot  or  white  hot.)  Different  bodies  absorb 
different  amounts  of  beat  in  changing  their  i>hysical  condition 
from  solid  to  liquid  or  liquid  to  gas  (or  vapor).  The  amount 
is  constant  for  any  one  body,  hence  definite  comparative  num- 
bers may  be  used  for  expressing  the  latent  heats  of  substances. 

The  absorption  of  heat  at  particular  (liquefying  and  vapor- 
izing) points  must  not  be  confounded  with  an  analogous  phys- 
ical action,  namely,  the  absorption  of  heat  which  goes  on 
when  a  body  is  rising  in  temperature.    The  amount  of  this 
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absorption  differs  with  different  substances.  That  is  to  say, 
if  equal  weights  of  several  substances,  all  at  the  same  tem- 
perature, be  all  heated  to  a  stated  higher  temperature,  very 
different  amounts  of  fuel  will  be  required.  The  particular  or 
specific  amount  in  each  case  is  always  the  same,  hence  the 
iipecijic  heats  of  substances  may  be  expressed  by  numbers.  See 
the  chapter  on  "  Specific  Heat "  in  any  manual  of  Physics. 

But  after  reading  what  has  been  stated  re.specting  the  con- 
stitution of  matter  (pp.  42  to  45),  the  chemical  student  will, 
in  connection  with  the  subject  of  distillation,  be  led,  once  more, 
to  think  over  the  subject  of  the  molecular  constitution  of  solid, 
liquid,  and  gaseous  water,  and  of  the  molecular  condition  of 
bodies  generally.  As  previously  stated,  little  can  be  told  him 
respecting  the  molecular  condition  of  solids  and  liquids,  for 
temperature  and  pressure  affect  them  unequally,  whence  we 
conclude  that,  though  the  relation  to  each  other  of  the  mole- 
cules of  any  one  substance  is  constant,  this  relation  is  diflFei'ent 
in  difierent  bodies.  Different  gasea,  however,  are  not  differ- 
ently affected,  but  similarly  affected  by  temperature  and  pres- 
sure, whence  we  conclude  that  their  molecular  constitution — 
the  relations  of  their  molecules  to  one  another — is  similar. 

Another  gas,  ammonia,  has  been  brought  before  the  reader 
since  the  molecular  constitution  of  gases  was  considered. 

A  small  quantity  of  ammonia  gas  inclosed  in  the  upper  part 
of  a  roughly  graduated  test-tube  over  mercury  (water  would 
dissolve  it)  and  exposed  to  the  continuous  action  of  the  electric 
spark  by  means  of  wires  of  platinum  fused  in  the  sides  of  the 
tube,  is  decomposed  into  its  elements  nitrogen  and  hydrogen, 
the  bulk  of  gas  operated  on  being  exactly  doubled.  This 
expansion  is  not  due  to  the  gaseous  molecules  receding  from 
each  other,  but  to  every  two  molecules  becoming  four  similar- 
sized  molecules : — 


N 
H 
H 
H 

N 
H 
H 
H 

N 
N 

H 
H 

n 

H 

• 

H 
II 

Here  each  space  (rectangular,  chiefly  for  convenience  in 
printing)  represents  a  molecule,  and  each  letter  one  atom. 
Each  space,  if  regarded  as  the  side  of  a  double  cube,  may  also, 
for  the  moment,  represent  two  volumes — such  two  volumes 
yielding,  in  the  decomposition,  one  volume  of  nitrogen  and 
three  volumes  of  hydrogen,  or  the  four  .such  volunies  of  ammo- 
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nia  shown  in  the  diagram  yielding  two  volumes  of  nitrogen 
and  six  volumes  of  hydrogen. 

Remembering  that  a  symbol  (of  a  gas)  represents  one  vol- 
ume, that  a  fonnida,  (';/'«  g(i'>^)  always  represents  two  vo/inncs, 
the  pupil  will  now  see  how  full  of  meaning  is  such  an  equation 
as  the  following,  including,  as  it  does,  names  of  the  elements, 
number  of  the  atoms,  nature  of  the  molecules,  number  of  the 
molecules,  weights  of  atoms  of  the  molecules,  and  therefore 
weights  of  bulks  of  the  bodies,  and  extent  of  expansion  in  the 
disunion  of  the  elements,  and  therefore  their  extent  of  con- 
traction in  the  act  of  union : — • 

2NH3  =  N,  +  3H,. 


At  this  stage  the  learner  is  again  recommended  to 

READ   the   paragraphs   ON   THE   GENERAL    PRINCIPLES  OF 

Chemical  Philosophy,  and  to  return  to  them  from  time 
TO  time  until  they  are  thoroughly  comprehended. 


ZINC,  ALUMINIUM,  IRON. 

These  three  elements  are  classed  together  for  analytical  conve- 
nience rather  than  for  more  general  analogies. 

ZINC. 

Symbol  Zn.    Atomic  weight  64.9. 

Source. — Zinc  is  tolerably  abundant  in  nature  as  sulphide  (ZnS) 
or  blende,  and  carbonate  (ZnCO.,),  or  calamine  (from  calamus,  a 
reed,  in  allusion  to  the  appearance  of  the  mineral).  The  ores  are 
roasted  to  expel  sulphur,  carbonic  acid  gas,  and  some  Impurities, 
and  the  resulting  oxide  distilled  with  charcoal,  when  the  metal 
vaporizes  and  readily  condenses.  Zinc  is  a  brittle  metal,  but  at  a 
temperature  somewhat  below  300°  F.  is  malleable,  and  uuiy  be  rolled 
into  thin  sheets.  Aliovc  400°  it  is  again  brittle,  and  may  then  be 
pulverized.  At  773°  F.  it  melts,  and  at  a  bright  red  heat  is  volatile. 
Zinc  in  exceptionally  fine  powder  ignites  spontaneously,  especially 
if  damp  or  if  stored  in  a  warm  place. 

Uses. — Its  use  as  a  metal  is  familiar ;  alloyed  with  nickel  and  cop- 
per it  yields  german  silver.  M'ith  twice  its  weight  of  copper  forms 
common  brass,  and  as  a  coating  on  iron  (the  so-called  galvanized 
iron)  greatly  retards  the  formation  of  rust.  Most  of  the  salts  of  zinc 
are  prepared  directly  or  indirectly  from  the  metal  {Zincum,  U.  S.  P.). 

Quanttvalence. — The  atom  of  zinc  is  bivalent,  Zn'^. 

Molecular  Weight. — Some  remarks  on  this  point  will  be  made 
under  Mercury. 
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Reactions  having  («)  Synthetical  and  (h)  Analytical 

Interest. 

Si/nthetical  Reactions. 
Sulphate  of  Zinc. 

First  Sj/nfhefical  Reaction. — Heat  zinc  (4  parts)  with  water 
(20  parts)  and  sulphuric  acid  (3  fl.  parts)  in  a  test-tube  (or 
larger  vessel)  until  gas  ceases  to  be  evolved ;  solution  of  sul- 
phate of  zinc  (ZnSOi)  results.  Filter  (to  separate  the  particles 
of  lead,  carbon,  etc.,  commonly  contained  in  sheet  zinc),-  and 
concentrate  the  solution  in  an  evaporating-dish  ;  on  cooling, 
colorless,  transparent,  prismatic  crystals  of  Sulphate  of  Zinc 
(ZnS04,7H.^O)  are  deposited  (^Zinci  Siil}:ihas,  U.  S.  P.). 

Zn,,  +  2H.,S0,  +  xll,0  =  2ZnS04  +  2H,  +  a;H.,0 

Zinc.  Sulphuric  Water.         Sulphate  of      Hydrogen.  Wuter. 

acid.  ziuc. 

Zinc  does  not  displace  hydrogen  from  the  sulphuric  acid  alone, 
nor  from  the  water  alone,  yet  the  mixture  aflbrds  hydrogen.  The 
probable  explanation  is  that  as  sulphuric  acid  combines  with  several 
difi'erent  quantities  of  water  to  form  definite  hydrous  compounds 
(MjSO^jII.jO ;  H,SO^,2H20  •,  etc.),  it  is  one  of  these  that  is  de- 
composed with  elimination  of  hydrogen.  At  present  we  can  only  say 
that  an  unknown  (x)  amount  of  water  is  required  in  the  reaction. 

Note. — This  reaction  affords  hydrogen  and  sulphate  of  zinc ;  it 
afso  develops  electricity.  Of  several  methods  of  evolving  hydi-ogen,  ■ 
it  is  the  most  convenient ;  of  the  two  or  three  means  of  preparing 
sulpiiate  of  zinc,  it  is  the  most  commonly  employed ;  and  of  the 
many  reactions  which  may  be  utilized  in  the  development  of  dynamic 
electricity,  it  is  at  present  the  cheapest  and  most  manageable.  The 
apparatus  in  which  the  reaction  is  effected  differs  according  to  the 
requirements  of  the  operator :  if  the  sulphate  of  zinc  alone  is  wanted, 
an  open  dish  is  all  that  is  necessary,  the  action  being,  perhaps, 
accelerated  by  heat ;  if  hydrogen,  a  closed  vessel  and  delivery-tube  ; 
if  electricity,  square  vessels  called  cells,  and  certain  complementary 
materials,  forming  altogether  what  is  termed  a  battery.  In  each 
operation  for  one  product,  the  other  two  are  commonly  wasted.  Iff 
would  not  he  difficult  for  the  operator,  as  a  matter  of  amusement,  to 
construct  an  apparatus  from  which  all  three  products  should  be  col- 
•  lected. 

Purification. — Impure  sulphate  of  zinc  may  be  purified  in  the 
.same  manner  as  impure  chloride  (see  ne.xt  reaction). 

Sulpliiit(;  of  zinc  is  isomorphous  with  sulphate  of  magnesium,  and 
like  that  salt,  loses  six-sevenths  of  its  water  of  crystallization  at 
212°  F. 

Chloride  of  Zinc. 

Second  Si/nfhc.ticnl  Reaction. — Dissolve  zinc  in  hydrochloric 
acid  mixed  with  half  its  bulk  of  water ;  the  resulting  solution 
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contains  chloride  of  zinc.  Evaporate  the  liquid  till  no  more 
stccam  escapes ;  Chloride  of  Zinc  (ZnCl^)  in  a  state  of  fusion 
remains,  and  on  cooling  is  obtained  as  an  opaque  white  solid 
(^Zinci  Cliloridum^  U.  S.  P.). 

It  is  soluble  in  water,  alcohol,  or  ether. 

Zn,  +  4HC1  =  2ZnCl.,  +  2H, 

Zinc.     Hydrocliloiic       Cliloiicie  Hydrogen, 
acid.  of  zinc. 

This  reaction  is  analogous  to  that  previously  prescribed.  The 
Burnett  deodorizing  or  disinfecting  liquid  is  solution  of  chloride  of 
zinc. 

Purification  of  Chloride  or  Sulphate  of  Zinc. — Zinc  sometimes 
contains  traces  of  iron  or  lead ;  and  these,  like  zinc,  are  dissolved 
by  most  acids,  with  formation  of  soluble  salts ;  they  may  be  recog- 
nized in  the  liquids  by  applying  the  tests  described  hereafter  to  a 
little  of  the  solution  in  a  test-tube.  Should  either  be  present  in  the 
above  solution,  a  little  chlorine-water  is  added  to  the  liquid  till  the 
odor  of  chlorine  is  permanent,  and  then  the  whole  well  shaken  Avith 
some  hydrate  of  zinc  or  the  common  official  "carbonate"'  of  zinc 
(really  hydrato-carbonate — see  p.  131).  In  this  way  iron  is  precipi- 
tated as  ferric  hydrate,  and  lead  as  peroxide  :— 

*2FeCl2        +        CI,        =  *Fe,Cl6 

Ferrous  chloride.  Chlorine.  Ferric  cliloride. 


Fe^Cls  -f  SZnCOj  -f  3H,0 

Ferric  Carbonate  Water, 

chloride.  of  zinc. 

PbCl^  +   G\   +  2ZnC03 

Chloride  Chlorine.  Carbonate 

of  lead.  of  zinc. 


=  Fe,6H0  +  3ZnCl,  H-  3C0, 

Ferric  hydrate.       Chloride  Carbonic 
of  zinc.       acid  gas. 

=    PbO,   +   2ZnCl,   -f  2C0., 

Peroxide  Chloride  Carbonic 
of  lead.  of  zinc.         acid  gas. 


In  the  British  Pharmacopoeia  the  presence  of  impurities  in  the  zinc 
is  assumed,  and  the  process  of  purification  just  described  incorporated 
with  the  process  of  preparation  of  Zinci  Chloridum,  Liquor  Zinci 
Chloridi,  and  Zinci  Sulphas.  In  the  purification  of  the  sulphate  of 
zinc,  the  action  of  chlorine  on  any  ferrous  sulphate  will  result  in  the 
formation  of  ferric  sulphate  as  well  as  ferric  chloride  : — 

6FeS0,  -f  Cl«  =  2(Fe23SO,)  +  Fc^Clg ; 

carbonate  of  zinc  will  then  give  chloride  as  well  as  sulphate  of  zinc, 
and  thus  the  whole  quantity  of  sulphatejaf  zinc  be  slighth'  contami- 
nated by  chloride.  On  evaporating  and  crystallizing,  however,  the 
chloride  of  zinc  will  be  retained  in  the  mother-liquor.  This  process 
admits  of  general  application. 

For  Liquor  Zinci  Chloridi,  B.  P.,  1  pound  of  zinc  is  placed  in  a 
mi.xture  of  44  fluidounces  of  hydrochloric  acid  and  20  of  water,  the 


*  It  will  be  noticed  tiiat  the  iron  is  represented,  in  these  equations, 
as  exerting  both  bivalent  and  trivalent  activity;  this  will  be  alluded 
to  when  iron  conies  under  consideration. 
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mixture  ultimately  wanned  until  no  more  gas  escapes,  filtered  into  a 
bottle,  chlorine-vvutcr  added  until  the  liquid  after  shaking  smells 
fairly  of  chlorine,  about  half  an  ounce  or  somewhat  more;  of  carbonate 
of  zinc  shaken  up  with  the  solution  until  a  brown  precipitate  (of  fer- 
ric hydrate  or  peroxide  of  lead,  or  both)  appears,  the  whole  filtered, 
and  the  filtrate  evaporated  to  40  fluidounces.  One  fluidounce  con- 
tains 305  grains  of  chloride  of  zinc.  If  there  is  reason  to  believe 
that  neither  iron  nor  lead  is  present  in  the  zinc,  the  treatment  with 
chlorine-water  and  carbonate  of  zinc  may  be  omitted.  The  Liquor 
Ziiici  C'/iIoridi,  U.  S.  P.,  is  prepared  by  a  somewhat  similar  process, 
nitric  acid,  however,  is  used  instead  of  chlorine-water ;  the  solution 
contains  "about  5U  per  cent,  of  the  salt  (ZnCl.^),"  sp.  gr.  1.555.  It 
is  miscible  with  alcohol  in  all  proportions,  indicating  absence  of 
basic  chloride  of  zinc. 

Bromide  oj' Zinc,  ZnBcj  {Zinci  Bromidum,  U.  S.  P.)  may  be  made 
by  the  action  of  zinc  on  hydrobromic  acid  and  evaporation  to  dry- 
ness.   It  is  a  white  powder,  but  may  be  sublimed  in  needles. 

Iodide  of  Zinc,  Znl,^  {Zinci  lodidttm,  U.  S.  P.)  may  be  made  from 
its  elements.  It  is  a  white  powder,  but  when  volatilized  condenses 
in  acicular  prisms. 

Carbonate  of  Zinc. 

Third  Synthetical  Reaction. — To  solution  of  any  given 
quantity  of  sulphate  of  zinc  in  twice  its  weight  of  water  (in 
a  test-tube,  evaporating-basin,  or  other  large  or  small  vessel), 
add  about  an  equal  quantity  of  carbonate  of  sodium,  also  dis- 
solved in  twice  its  weight  of  water,  and  boil ;  the  resulting 
white  precipitate  is  so-called  Carbonate  of  Zinc  {Zinci  Car- 
honas,  B.  P.,  Zinci  Curhonas  Prseclpitatus^  U.  S.  P.),  a  mix- 
ture of  carbonate  (ZnCOn)  and  hydrate  (Zn2H0),  in  the  pro- 
portion of  two  molecules  of  the  former  and  three  of  the  latter. 
It  may  be  wa.shed,  drained,  and  dried  in  the  usual  manner.  It 
is  used  in  the  arts  under  the  name  of  zinc-iohite. 


,5ZnS0«  +  3H,0  -t-  5Na,C03  = 

Sulphate  Water.  f'ailKJimto 

of  ziuc.  of  sucliiini. 


2ZnCO:„3ZnH.,02  -f  SCO, 

Official  carbonate  Carbonic 
of  ziuc.  ucid  gus. 


+  5Na,S0, 

Sulphate 
of  Kxlinni. 

Acetate  of  Zinc. 

Fourth  Si/nthetical  Reaction. — Collect  in  a  filter  the  pre- 
cipitate obtained  in  the  last  reaction,  wash  with  distilled  water, 
and  di.ssolve  a  portion  in  strong  acetic  acid  ;  the  resulting  solu- 
tion contains  acetate  of  zinc  (Zn2C.JI.,0a),  and,  on  evaporating 
!Hid  setting  aside  for  a  day,  yields  lamellar  pearly  crystals 
fZn2C.,HA,:-5H,Oj  (Zinci  Acela>i,  U.  S.  P.). 
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2ZnC03,3ZnII,0,  +  lOHC^H.O^  =  5(Zri2C,HA)  +  8H,0 

Official  carbonate  Acetic  Acetate  of  zinc.  Water, 

of  zinc.  acid. 

+  2C0, 

Carbonic 
acid  gn^. 

Another  process  consists  in  digesting  oxide  of  zinc  in  acetic 
acid,  heating  the  mixture  to  boiling-point,  filtering  while  hot, 
and  setting  aside  the  clear  solution  to  crystallize. 

Oxide  of  Zinc. 

Fifth,  Synthetical  Reaction. — Dry  the  remainder  of  the  pre- 
cipitated carbonate  (by  placing  the  open  filter  on  a  plate  over 
a  dish  of  water  kept  boiling),  and  then  heat  it  in  a  small  cru- 
cible till  it  ceases  to  efi"ervesce  on  the  addition  of  water  and 
acid  to  trial  samples  taken  out  of  the  crucible  from  time  to 
time ;  the  product  is  Oxide  of  Zinc  {Zinci  Oxidum,  U.  S.  P.). 

2ZnCO:„3ZnH.,0.,  =  5ZnO  +  3H.,0  +  2C0, 

Ollicial  carbonate  Oxide  of         Water.  Carbonic 

of  zinc.  zinc.  acid  gas. 

Note. — This  oxide  is  yellow  while  hot,  and  of  a  very  pale  yellow 
or  slight  buff  tint  when  cold,  not  actually  white,  like  the  oxides  pre- 
pared by  the  combustion  of  zinc  in  air.  The  latter  variety  occurs  in 
commerce  under  the  name  of  Hubbuck's  oxide  of  zinc.  Its  prepara- 
tion can  only  be  practically  accomplished  on  the  large  scale,  but  the 
chief  features  of  the  action  may  be  observed  by  heating  a  piece  of 
zinc  on  charcoal  in  the  blowpipe-flame  (Fig.  29)  till  it  burns ;  flocks 
escape,  float  about  in  the  air,  and  slowly  fall.  These  are  the  old 
Flares  Ziiici,  Lana  Philosophica,  or  Kiliilum  Album. 

Fig.  29.  Fig.  30. 


Tlie  Blowpipe. 

A  clear  blowpipe-flame  consists  more  or  less  of  two  portions 
(see  Fig.  30),  an  inner  cone,  at  the  apex  of  which  are  hot  gases 
greedy  of  oxygen,  and  an  outer  cone,  at  the  apex  of  which  is 
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excess  of  hot  oxygen.  At  the  latter  point  oxidizable  metals, 
etc.  are  readily  oxidized,  as  in  the  foregoing  experiment,  and 
that  part  of  the  flame  is  therefore  termed  the  oxidizing  flame ; 
in  the  inner  flame  oxides  and  other  compounds  (a  grain  of 
acetate  of  lead  may  be  employed  for  illustration)  are  reduced 
to  the  metallic  state,  hence  that  part  is  termed  the  rediicing 
flame.  A  blowpipe-flame  is  much  altered  in  character  by 
slight  variations  in  the  position  of  the  nozzle  of  the  blowpipe, 
by  the  form  of  the  nozzle,  by  the  force  with  which  air  is  ex- 
pelled from  the  blowpipe,  and  by  the  character  of  the  jet  of 
gas. 

Valerianate  of  Zinc. 

Sixth  Sgntlietical  Reaction. — Valerianate  of  Zinc  (Zn2C5- 
H,jO,,,H.jO)  (Zinci  Valerianae,  U.  S.  P.)  is  prepared  by  mixing 
strong  solutions  of  sulphate  of  zinc  and  valerianate  of  sodium, 
cooling,  separating  the  white  pearly  crystalline  matter,  evapor- 
ating at  200°  F.  to  a  low  bulk,  cooling,  again  separating  the 
lamellar  crystals,  washing  the  whole  product  with  a  small 
quantity  of  cold  distilled  water,  draining,  and  drying  by  ex- 
posure to  air  at  ordinary  temperatures.  Valerianate  of  zinc  is 
soluble  in  ether,  alcohol,  or  hot  water. 

ZnSO,  -f  2NaC5H„0,  =  Na,S04  +  Zn2C5H,,0, 

Sulphate  Valeiiiitiate  of  Snlplmte  of  Valerianate 

of  zinc.  sodium.  Budiuin.  of  zinc. 

Note. — The  compounds  of  zinc  described  in  the  foregoing  six  reac- 
tions are  the  only  ones  mentioned  in  the  British  Pharmacopojia ;  the 
processes  are  also  those  of  that  work.  Sulphide  and  Hydrate  o  f  Zinc 
are  mentioned  in  the  following  analytical  paragraphs.  The  formula 
of  Snlphite  of  Zinc  is  Zn80j,m.fi. 

Reactions  having  Analgtical  Interest  (  Testis'). 

First  Analytical  Reaction. — To  solution  of  a  zinc  salt  (sul- 
phate, for  example)  in  a  test-tube,  add  solution  of  sulphydrate 
of  ammonium  (NII,HS)  ;  white  sulphide  of  zinc  (ZnS)  is  pre- 
cipitated, insoluble  in  acetic,  but  soluble  in  the  stronger  acids. 

Note. — This  is  the  only  white  sulphide  that  will  be  met  with.  Its 
formation,  on  the  addition  of  tlic  sulphydrate  of  ammonium,  is 
therefore  highly  (iharacteristic  of  zinc.  If  the  zinc  salt  contains 
iron  or  lead  as  impurities,  the  precipitate  will  have  a  dark  ap- 
pearance, the  sulphides  of  those  metals  lieing  Idack.  Hydrate  of 
a'.iimininm,  which  is  also  white  and  precipitated  by  sulphydrate 
of  airimonium,  is  the  only  sul)stance  sulphide  of  zinc  is  likely  to 
he  mistaken  for,  and  vice  vnrs/l;  but,  as  will  be  seen  immediately, 
there  are  good  moans  of  distinguishing  these  from  each  other. 

Second  Analytical  Reaction. — To  solution  of  a  zinc  salt  add 
12 
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solution  of  ammonia ;  white  hydrate  of  zinc  (Zn2H0)  is  preci- 
pitated. Add  excess  of  ammonia ;  the  precipitate  is  redis- 
solved. 

This  reaction  at  once  distinifuishes  a  zinc  salt  from  an  alununiuni 
salt,  hydrate  of  aluminium  being  insoluble,  practically,  in  ammonia. 

OtJin-  Analytical  Reactions. — The  fixed  alkali-hydrates  afford 
a  similar  reaction  to  that  just  mentioned,  the  hydrate  of  zinc 

redissolving  if  the  alkali  is  free  from  carbonate.  Carbonate 

of  ammonium  yields  a  white  precipitate  of  carbonate  and  hy- 
drate, soluble  in  excess.  The  fixed  alkaline  carbonates  give 

a  similar  precipitate,  which  is  not  redissolved  if  the  mixed 

solution  and  precipitate  be  well  boiled.  Ferrocj'anide  of 

potassium  precipitates  white  ferrocyanide  of  zinc  (ZnjFeCye). 

Sulphate  of  magnesium,  which  is  isomorphous  with,  and  in- 
distinguishable in  appearance  from,  sulphate  of  zinc,  is  not  pre- 
cipitated from  its  solutions  either  by  ferrocyanide  of  potassium 
or  sulphydrate  of  ammonium. 

Antidotes. — There  arc  no  efficient  chemical  means  of  counteract- 
ing the  poisonous  effects  of  zinc.  Large  doses,  fortunatel3\  act  as 
powerful  emetics.  If  vomiting  has  not  occurred,  or  apparently  to 
an  insufficient  extent,  solution  of  carbonate  of  sodium  (common 
washing  salt),  immediately  followed  by  white  of  egg  and  demulcents, 
may  be  administered. 


QUESTIONS  AND  EXERCISES. 

185..  Give  the  sources  and  uses  of  metallic  zinc. 

186.  Explain  by  a  diagram  what  occurs  when  zinc  is  dissolved  in 
diluted  sulphuric  acid. 

187.  How^  may  solutions  of  Chloride  and  of  Sulphate  of  Zinc  be 
purified  from  salts  of  iron  ?  Give  equations  descriptive  of  the  reac- 
tions. 

188.  State  the  formula  of  Carbonate  of  Zinc,  and  illustrate  by  a 
diagram  the  reaction  which  takes  place  in  its  production. 

189.  Give  an  equation  showing  the  formation  of  Acetate  of  Zinc. 

190.  In  what  respect  does  Oxide  of  Zinc,  resulting  from  the  igni- 
tion of  the  carbonate,  differ  from  that  produced  during  the  combus- 
tion of  the  metal? 

191.  How  is  Valerianate  of  Zinc  prepared? 

192.  What  arc  the  properties  of  V alerianate  of  Zinc  ? 

193.  Name  the  more  important  tests  of  Zinc. 

194.  How  would  you  distinguish,  chemically,  between  solutions  of 
Sulphate  of  Zinc  and  Alum? 

195.  Describe  the  treatment  in  cases  of  poisoning  by  the  salts  of 
zinc. 

19(i.  Give  reactions  distinguishing  Sulphate  of  Zinc  from  Sulphate 
of  Magnesium. 
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ALUMINIUM. 

Symbol  Al.    Atomic  weij^ht  27. 

Note. — In  the  formuUe  of  aluminium  salts  it  will  bo  observed 
that  to  one  atom  of  metal  there  are  three  atoms  of  other  univalent 
radicals ;  hence,  apparently,  tlie  atom  of  aluminium  is  trivalent, 
\V^'.  But  possibly  it  is  quadrivalent;  for  one  molecule  of  alu- 
minium compounds  includes  two  atoms  of  the  metal,  three-fourths 
(inly  of  whose  power  may  be  supposed  to  be  exerted  in  retaining  the 
other  constituents  of  the  molecule,  the  remaining  fourth  enabling  the 
aluminium  atoms  themselves  to  keep  together.  This  is  graphically 
shown  in  the  following  formula  of  chloride  of  aluminium  (AljC),;) 
from  Frankland's  "Lecture  Notes  for  Chemical  Students,''  which 

CI  CI 


CI  Al  AI— CI 


CI  CI 

represents  each  aluminium  atom  as  a  body  having  four  arms  or 
l)0nds,  three  of  which  are  engaged  in  grasping  the  arms  of  univ- 
alent chlorine  atoms,  while  the  fourth  grasps  the  corresponding 
arm  of  its  brother  aluminium  atom.  Such  graphic  formula3,  as 
they  are  called,  are  useful  in  facilitating  the  acquirement  of  hy- 
potheses regarding  the  constitution  of  chemical  substances,  espe- 
cially if  the  error  be  avoided  of  supposing  that  they  are  pictures 
either  of  the  position  or  absolute  power  of  atoms  in  a  molecule,  or 
indeed,  the  true  representation  of  a  molecule  at  all ;  for  on  this 
point  man  knows  little  or  nothing. 

Source. — Aluminium  is  very  abundant  in  nature,  chiefly  as  silicate, 
in  clays,  slate,  marl,  granite,  basalt,  and  a  large  number  of  minerals. 
iVica  consists  chiefly  of  silicates  of  aluminium,  iron,  and  potassium. 
liotteii-sione  is  a  soft  and  friable  aluminium  silicate  containing  a  little 
organic  matter.  The  sapphire  and  ruby  are  almost  pure  oxide  of 
aluminium.  The  metal  aluminium  is  obtained  from  the  double 
chloride  of  aluminium  and  sodium,  by  the  action  of  metallic  sodium, 
the  source  of  the  chloride  being  the  mineral  bauxite — a  more  or  less 
ferruginous  hydrate  of  aluminium. 

Aluminiiim-ironze  is  an  alloy  of  ten  parts  of  aluminium  with 
ninety  of  copper. 

Alum  {Atiiriien,  U.  S.  P.),  a  double  sulphate  of  aluminium  and 
potassium  {A\?>SO^,K^HO^,24U.fi),  may  be  obtained  from  aluminous 
schist  (from  axMror,  nckhtos^  divided),  a  sortof  pyritous  slate  or  shale, 
by  exposure  to  air;  oxidation  and  chemical  change  produce  sulphate 
of  aluininium,  sulphate  of  iron,  and  silica,  from  the  silicate  of 
ahmiiiiiuin  and  bisulphide  of  iron  (iron  pyrites)  originally  present 
in  the  shale.  The  sulphate  of  aluminium  and  sulphate  of  iron  are 
dissolved  out  of  the  mass  by  water,  and  sulphate  of  potassium 
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added ;  on  concentrating  the  liquid,  alum  crystallizes  out,  while  the 
more  soluble  iron  salt  remains  in  the  mother  liquor. 

Alum  is  also  prepared  by  directly  decomposing  the  silicate  of 
aluminium  in  the  calcined  shale  of  the  coal-measures  by  hot  sul- 
phuric acid,  sulphate  of  potassium  lieing  added  from  time  to  time 
until  a  solution  strong  enough  to  ci-ystallize  is  obtained.  The  liquid 
well  agitated  during  cooling  deposits  alum,  in  minute  crystals,  termed 
alum-flour,  which  is  afterwards  recrystallized. 

Alium. — There  are  several  aliuns,  iron  or  chromium  taking  the 
place  of  aluminium,  and  ammonium  or  sodium  that  of  potassium,  all 
crystallizing  in  an  eight-sided  form,  the  octahedron — .i  sort  of  double 
pyramid.  These  are  apparently  alike  in  chemical  constitution,  and 
their  general  formula  (M  =  either  metal)  is  W^^.;6iiQ^,W.^O^,2A\l.,0. 
The  alum  of  the  manuftxcturer  commonly  occurs  in  colorless,  trans- 
parent, octahedral  crystals,  massed  in  lumps,  which  are  roughly 
bi'oken  up  for  trade  purposes,  but  still  exhibit  the  faces  of  octahedra. 
It  is  liable  to  contain  suljihate  of  ammonium  or  sulphate  of  potas- 
sium, according  as  one  or  other  is  the  cheaper. 

Sulphate  of  Aluminium  (AU.SSO^jQU.^O),  or  Alum  Cake,  pi-epared 
from  natural  silicates  in  the  manner  just  described,  is  a  common 
article  of  trade,  serving  most  of  the  manufacturing  purposes  for 
which  alum  was  formerly  employed.  It  is  official  in  the  United 
States  Pharmacopceia  {Alumiiiii  Sulphas).  It  may  be  made  by  dis- 
solving hydrate  of  aluminium  in  diluted  sulphuric  acid,  with  subse- 
quent removal  of  water  by  evaporation. 

AI/jHO  +  SII^SO^  =  AIjSSO,  +  611^0. 

The  hydrate  of  aluminium  {Aluminii  Hydras,  U.  S.  P.)  is  to  be 
prepared  by  the  addition  of  solution  of  alum  to  solution  of  carl)o- 
nate  of  sodium,  the  precipitated  hydrate  being  collected  on  a  filter 
and  well  washed. 

Al23SO^,K2SO,  +  SNa^COg  +  SH^O  =  Al^GHO  +  K^SO,  +  SNa^SO^ 

+  SCOj. 

Preparation  of  Alum. — Prepare  alum  by  heating  a  small  quan- 
tity of  powdered  pipe-clay  (silicate  of  aluminium)  with  about  twice 
its  weight  of  sulphuric  acid  for  some  time,  dissolving  out  the  result- 
ing sulphate  of  aluminium  and  excess  of  sulphuric  acid  by  water, 
and  adding  ammonia  to  the  clear  filtered  solution  only  until,  after 
well  stirring,  the  excess  of  acid  is  neutralized.  (If  too  much  am- 
monia be  added,  the  hydrate  of  aluminium  precipitated  when  the 
ammonia  is  first  poured  in  will  not  be  redissolved  on  well  mixing 
the  whole.  Perhaps  the  readiest  indication  of  neutrality  in  this 
and  similar  cases  is  the  presence  of  a  little  precipitate  after  stirring 
and  warming  the  mixture.)  On  evaporating  the  clear  solution,  crys- 
tals of  alum  are  obtaitned. 

The  Ammonio-ferric.  Alum  or  Ammonio-ferric  SuljiJiate  of  Amer- 
ican pharmacy  {Fcrri  et  Ammonii  Sulphas,  U.  S.  P.)  nniy  be  made 
by  adding  sulphate  of  ammonium  to  a  hot  solution  of  persulphate 
of  iron,  and  setting  the  liquid  aside  to  crystallize.    It  forms  pale 
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violet  octahedral  crystals  expressed  by  the  formula  FcjBSO,, 
(NH,),SO„24II,0. 

Dried  Alum  (Alumeii  Exxiccatum,  U.  S.  P.)  is  aliun  from  wliich 
the  water  of  crystallization  has  been  expelled  by  heat,  the  tempera- 
ture not  exceeding  205°  C.  or  400°  F.  By  calculation  from  the 
molecular  weight  of  alum,  it  will  be  found  that  the  salt-  contains 
between  45  and  4G  per  cent,  of  water.  At  temperatures  above  400° 
ammonium  alum  is  decomposed,  suljohate  of  ammonium  and  sul- 
phuric anhydride  escaping,  and  pure  oxide  of  aluminium  (ALOj) 
remaining.  Dried  alum  rapidly  reabsorbs  water  from  the  atmo- 
sphere. 

Ruche  alum,  or  Rock  alnni  {roche,  French,  rock),  is  the  name  of 
an  impure  native  variety  of  alum  containing  iron.  The  article  sold 
under  this  name  is  sometimes  an  artificial  mixture  of  common  alum 
with  oxide  of  iron. 

Reactions  having  Analytical  Interest. 

I^irst  Analytical  Reaction. — To  a  solution  of  an  aluminium 
salt  {alum,  for  example,  which  contains  sulphate  of  aluminium) 
add  sulphydrate  of  ammonium  (NHJiS)  ;  a  gelatinous  white 
precipitate  of  hydrate  of  aluminium  falls  : — 

Al^SSO,  +  6AmHS  +  6H.,0  =  A1,6H0  +  SAm.SO^  +  6H,S. 

Second  Anali/tiral  Reaction. — To  a  solution  of  alum  add 
ammonia,  NH^HO  ;  hydrate  of  aluminium  falls  :  add  excess  of 
ammonia ;  the  precipitate  is,  practically,  insoluble. 

Principle  of  Dyeing  by  help  of  llordanta. — The  precipitated 
hydrate  of  aluminium,  or  alumina,  has  great  affinity  for  vege- 
table coloring-matters  and  also  for  the  fibre  of  cloth.  Once 
more  perform  the  above  experiment,  but  before  adding  the 
ammonia  introduce  some  decoction  of  logwood,  solution  of 
cochineal,  or  other  similar  colored  liquid,  into  the  test-tube. 
Add  now  the  ammonia,  and  set  the  tube  aside  for  the  alumina 
to  fall ;  the  latter  takes  down  with  it  all  the  coloring  principle. 
In  dye-works  the  fabrics  are  passed  through  liquids  holding 
the  alumina  but  weakly  in  solution,  and  then  through  the  color- 
ing .solutions ;  from  the  first  bath  the  fibres  ab.stract  alumina, 
and  from  the  second  the  alumina  abstracts  coloring-matter. 
Some  other  metallic  hydrates,  notably  those  of  tin  and  iron, 
resemble  alumina  in  this  property ;  they  are  all  termed  mor- 
diiniH  (from  mordens,  biting)  ;  the  substances  they  form  with 
coloring-matters  have  the  name  of  lake.i. 

Third  Anrdytical  Reaction. — To  the  alum  add  solution  of 
potash ;  again  hydrate  of  aluminium  falls.  Add  excess  of 
potash,  and  agitate ;  the  precipitate  dissolves. 

Hydrate  of  alumininm  may  be  precipitated  from  this  solu- 
12  * 


138 


THE  METALLIC  RADICALS, 


tion  by  neutralizing  the  potash  with  hydrochloric  acid,  and 
adding  ammonia  until,  after  shaking,  the  mixture  has  an  am- 
moniacal  smell,  or  by  adding  solution  of  chloride  of  ammonium 
to  the  potash  liquid.  But  the  former  way  is  the  better;  for  it 
is  difficult  to  know  when  a  sufficiency  of  the  chloride  of  am- 
monium has  been  poured  in,  whereas  reaction  with  blue  and 
red  litmus-paper  at  once  enables  the  operator  to  know  when 
excess  of  hydrochloric  acid  or  ammonia  has  been  added. 

Alkaline  phosphates,  arseniates,  and  salts  of  other  acidulous 
radicals  also  decompose  solutions  of  aluminium  salts  and  produce 
insoluble  compounds  of  that  metal,  with  the  several  acidulous 
radicals,  but  the  resulting  precipitates  are  of  no  special  interest. 


QUESTIONS  AND  EXERCISES. 

197.  What  is  there  remai-kable  about  the  quantivalence  of  alu- 
minium ? 

198.  Practically,  what  is  the  quantivalence  of  the  atom  of  alu- 
minium ? 

199.  Enumerate  the  chief  natural  compounds  of  aluminium. 

200.  Write  down  a  formula  which  will  represent  either  of  the 
Alums. 

201.  Which  alum  is  ofBcial,  and  commonly  employed  in  the 
arts  ? 

202.  State  the  source  and  explain  the  formation  of  alum. 

203.  What  is  the  crystalline  form  of  alum  ?  Work  a  sum  showing 
how  much  Dried  Alum  is  theoretically  producible  from  100  pounds 
of  alum.    Ans.  52  lbs.  6  oz. 

204.  Show  by  figures  how  ordinary  ammonium  alum  is  capable  of 
yielding  11.356  per  cent,  of  alumina. 

205.  Why  are  aluminium  compounds  used  in  dyeing? 

206.  How  are  salts  of  aluminium  analytically  distinguished  from 
those  of  zinc  ? 


IRON. 

Symbol  Fe.    Atomic  weight  55.9. 

Sources. — Compounds  of  iron  are  abundant  in  nature.  Mofjneiic 
Iron  Ore,  or  Loadntune  {Lodesioiie  or  Lemhione,  from  the  Saxon 
Icedan,  to  lead,  in  allusion  to  its  use,  or  i-ather  to  the  use  of  magnets 
made  from  it,  in  naviujation),  is  the  chief  ore  from  which  Swedish 
iron  is  made  ;  it  is  a  mixture  of  ferrous  and  ferric  oxides  (FeO,Fe._,03). 
Much  of  the  Russian  iron  is  made  from  Specular  Iron  Ore  (from 
speculum,  a  mirror,  in  allusion  to  the  lustrous  nature  of  the  crystals 
of  this  mineral).  Tiiis  and  Fed  Hce.matite  (from  o(//a,  liainia,  blood, 
so  muiied  from  the  color  of  its  streak),  an  ore  raised  in  Lancashire, 
are  composed  of  ferric  oxide  only  (Fc^O^).    Brown  HccmatUe,  an 
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oxyhvdrate,  is  the  source  of  much  of  the  French  iron.  Spathic  Iron 
Ore  (from  spatha,  a  slice,  in  alhision  to  the  hvmeUar  structure  of  the 
ore)  is  a  ferrous  carbonate  (FeCOj).  An  impure  ferrous  carbonate 
forms  tlu;  Clai/  Ironstone,  wlience  most  of  the  English  iron  is  derived. 
The  chief  Scotch  ore  is  also  an  impure  cai'bonate,  containing  much 
bituminous  matter ;  it  is  known  as  Black  Band.  Iron  Pyrites  (from 
TTi'p,  ])ur,  fire,  in  allusion  to  the  production  of  sparks  when  sharply 
struck)  (FeS.^)  is  a  yellow  lustrous  mineral,  of  use  only  for  its 
sulphur.  As  met  with  in  coal  it  is  commonly  termed  coal  bjris.ies. 
Ferrous  carbonate  (FeCOj),  chloride  (FeCl2,41l20),  and  sulphate 
(FoSO^.TILjO)  sometimes  occur  in  springs,  the  water  of  which  is 
hence  termed  chalybeate  (chalybs,  steel). 

Process. — Iron  is  obtained  from  its  ores  by  processes  of  roasting, 
and  reduction  of  the  resulting  impure  oxide  M'ith  coal  or  charcoal  in 
the  presence  of  chalk,  the  lattsr  uniting  with  the  sand,  clay,  etc.  to 
form  a  fusible  slag.  The  cast  iron  thus  produced  may  be  converted 
into  wrought  iron  by  burning  out  the  4  or  5  per  cent,  of  carbon, 
silicon,  and  other  impurities  present,  by  oxidation  in  a  furnace,  an 
operation  which  is  ternisd  piiiddling.  Steel  is  iron  containing  from 
one  to  two  per  cent,  of  carbon,  and  is  made  by  the  now  celebrated 
Bessemer  process  of  burning  out  from  cast  iron  the  variable  amount 
of  carbon  it  contains,  and  then  adding  melted  iron  containing  a 
known  proportion  of  carbon.  The  official  varieties  of  the  metal  are 
"metallic  iron,  in  the  form  of  line,  ])right,  and  non-elastic  wire" 
{Ferram,  U.  S.  P.);  and  "wrought  iron  in  the  form  of  wire  or 
nails  free  from  oxide"  {Ferrum,  B.  P.),  the  conditions  in  which 
it  is  most  easily  employed  for  conversion  into  its  compounds.  In 
the  form  of  a  fine  powder  (see  17  Reac.)  metallic  iron  is  employed 
as  a  medicine. 

Properties. — The  specific  gravity  of  pure  iron  is  7.844,  of  the  best 
bar  iron  7.7  ;  its  color  is  bluish-white  or  gray.  Bar  iron  requires  the 
highest  heat  of  a  wind-furnace  for  fusion,  but  below  that  temperature 
assumes  a  pasty  consistence,  and  in  that  state  two  pieces  may  be 
joined  or  tvelded  (Germ,  tvellen,  to  join)  by  the  pressure  of  blows 
from  a  hammer.  A  little  sand  thrown  on  to  the  hot  metal  facilitates 
this  operation  by  forming  with  the  superficial  oxide  of  iron  a  fusible 
slag,  which  is  dispersed  by  the  blows :  the  purely  metallic  surfaces 
are  thus  better  enabled  to  come  into  thorough  contact  and  enter  into 
perfect  union.  Iron  is  highly  ductile,  and  of  all  common  metals  pos- 
s(!sses  the  greatest  amount  of  tenacity.  At  a  high  temperature  it 
burns  in  the  air,  forming  oxide  of  iron.  Past  of  iron  is  chiefly  red 
oxide  of  iron,  with  a  little  ferrous  oxide  and  carbonate ;  it  is  pro- 
duced by  action  of  the  moist  carbonic  acid  of  the  air  and  subsequent 
oxidation.  Steam  pa.sse(l  over  scrap  iron  heated  to  redness  gives 
hydrrigen  gas  and  black  oxide  of  iron.  Iron  exposed  at  a  high  tem- 
]ierature  to  oxidation  by  a  liiniti^d  amount  of  steam  (IJarll")  or  air 
(Bower)  becomes  coat<!d  with  nnxgnetic  oxide  of  so  closely  coherent 
and  adherent  a  nature  that  the  metal  is  permancmtly  protected  from 
alteration  by  atmospheric  and  many  other  influences. 

Qiianticalence. — Iron  combines  with  other  elements  and  radicals 
in  two  proportions ;  those  salts  in  which  the  atom  of  iron  appears  to 
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possess  inferior  affinities  (in  wliich  the  other  radicals  are  in  the  less 
amount)  are  termed  Jhrous,  the  hiijher  Ijeing  ferric  salts.  In  the 
former  the  iron  exerts  bivalent  (Fe'''),  in  the  latter  trivalent  activity 
(Fe^'^  or  Fe/'). 

The  atom  of  iron  is  also  sometimes  considered  to  be  sexivalent,  on 
account  of  the  analogy  of  its  compounds  with  those  of  chromium, 
which  is  sexivalent,  if"  the  formula  of  its  fluoride  (CrFg)  be  correct, 
and  because  the  composition  of  ferrate  of  jwiansinm  (K^FeO^),  a 
deep  purple  salt  obtained  on  passing  chlorine  through  a  concentrated 
solution  of  potash  in  which  fresh  ferric  hj'drate  is  suspended,  is  best 
explained  on  the  assumption  of  the  sexivalence  of  its  iron. 

Why  the  quantivalence  of  the  atom  of  iron  should  vary  is  not  at 
present  known. 

The  Nomenclature  of  Iron  Salts. — For  educational  and  descrip- 
tive purposes  the  two  classes  of  iron  compounds  are  very  conveniently 
spoken  of  as  ferrous  and  ferric,  the  syllable  "ferr"  common  to  all 
indicating  their  allied  ferruginous  character,  the  syllables  ous  and  ?c 
indicating  the  lower  and  higher  class  respectively — -functions  fulfilled 
by  these  two  syllables  in  other  similar  cases  (sulphurous  and  sul- 
phuric, mercurous  and  mercuric).  Officially  the  iron  salts  are  known 
by  other  names,  thus,  Sulphate  of  Iron  {Ferri  Sulphas)  and  Phos- 
]}hale  of  Iron,  {Ferri  Phosphas),  names  which  are  chemically  inex- 
plicit, for  there  are  two  sulphates,  and  two  phosphates,  and  the  terms 
do  not  define  which  salt  is  intended.  Consistency  and  uniformity 
would  demand  that  the  names  Ferrous  Sulphate,  Ferrous  Phosphate, 
or  similar  terms,  should  be  employed.  Practically,  however,  the  old 
names  cause  no  confusion,  inasmuch  as,  commonly,  only  one  sulphate, 
phosphate,  etc.  are  used  in  medicine ;  moreover,  the  higher  salts 
usually  have  the  prefix  ]}er  attached  (as  persulphate,  perchloride). 
These  names  are  already  well  known,  can  be  easily  rendered  in  Latin, 
and  then  admit  of  simple  abbreviations  and  adaptations  such  as  are 
employed  in  prescriptions,  advantages  not  possessed  by  the  more 
rational  terms.  AVhile,  therefore,  the  comprehension  of  the  chem- 
istry of  iron  is  rendered  simple  and  intelligible  by  the  use  of  the 
terms  ferrous  and  ferric,  the  employment  of  older  and  less  definite 
names  may  very  well  be  continued  in  pharmacy  as  being  practically 
more  convenient. 

Reactions  having  ('/)  Synthetical  and  (i)  Analytical 

Interest. 

(rf)  Synthetical  Reactions. 

FERROUS  SALTS. 

Green  Sulphate  of  Iron.   Ferrous  Sulphate. 

First  Syntlictical  Reaction. — Place  iron  (small  tacks)  in  sul- 
phuric acid  diluted  with  eight  times  its  bulk  of  water  (in  a 
test-tube,  basin,  or  other  vessel  of  any  required  size),  accele- 
rating the  action  by  heat  until  eflfervescence  ceases. 
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Fe,   +    2II,S04   +   ^H.O   =   2FeS0^    +  211,  +  xll,0 

lioii.  Siilpliulic  Wuter.  Foiioiia  HyUiogeu.  Water, 

acid.  Bulpliute. 

The  solution  contains  what  is  generally  known  as  Sulphate 
of  Iron,  that  is,  Ferrous  Sulphate,  the  lower  of  the  two  sul- 
phates, and  will  yield  crystals  of  that  substance  (FeSO.|,7H20) 
(  Ferri  Sulphas,  U.  S.  P.)  on  cooling  or  on  further  evaporation  ; 
or  if  the  hot  concentrated  solutions  be  poiired  into  alcohol,  the 
mixture  being  well  stirred,  the  sulphate  is  at  once  thrown 
down  in  minute  crystals  (^Ferri  Sulphas  Prsecipitatus,  U.  S.  P.). 
At  a  temperature  of  300°  F.  ferrous  sulphate  loses  six-sevenths 
of  its  water,  and  becomes  the  Ferri  Sulphas  Exsiccaius,  U.  S.  P., 
a  salt  used  in  the  preparation  of  Pilulse  Aloes  et  Ferri,  U.  S.  P. 
(See  analogous  zinc  reaction  on  p.  129.) 

Other  Sources  of  Ferrous  Sulphate. — In  the  laboratory  ferrous 
sulphate  is  often  obtained  as  a  by-product  in  making  sulphuretted 
hydrogen : — 

FeS  +  HjSO,  =  H^S  +  FeSO,. 

In  manufactories  it  occurs  as  a  by-]3roduct  in  the  decomposition  of 
aluminous  shale,  as  already  noticed  (p.  135). 

Ten  grains  of  granulated  sulphate  of  iron  dissolved  in  one  ounce 
of  water  constitute  "  Solution  of  Sulphate  of  Iron,"  B.  P.  "  The 
solution  should  be  recently  prepared." 

Notes. — Ferrous  sulphate  is  sometimes  termed  green  vitriol.  Yit- 
riol  (from  vitrum,  glass)  was  originally  the  name  of  any  transparent 
crystalline  substance,  but  afterwards  restricted  to  the  sulphates  of 
zinc,  iron,  and  copper,  which  were,  and  still  are,  occasionally  known 
as  white,  green,  and  blue  vitriol.  Cop>peras  (probably  originally 
copper-rust,  a  term  applied  to  verdigris  and  other  green  incrusta- 
tions of  copper)  is  .another  name  for  this  sulphate  of  iron,  some- 
times distinguished  as  green  copperas,  sulphate  of  copper  being  blue 
copperas.  Solid  sulphate  of  iron  is  a  constituent  of  Filulce  Aloes  et 
Ferri,  B.  P.  Ferrous  sulphate  forms  a  light-green  double  salt  with 
sulj^jhate  of  ammonium. 

I'crrous  sulphate,  when  exposed  to  the  air,  gradually  turns  brown 
through  absorption  of  oxygen,  ferric  oxysulphate  (Fe202S04)  being 
formed.  The  latter  is  not  completely  dissolved  by  water,  owing  to 
the  formation  of  a  still  lower  insoluble  oxysalt  (Fe^OjSO,)  and  solu- 
ble ferric  sulphate,  5(Fc,02SO,)  ^  Fe^O^SO,  +  ilF(i,^HO,). 

Iron  heated  with  undiluted  sulphuric  acid  gives  sulphurous  acid 
gas  and  ferrous  sulphate : — 

Fe^  +  4II2SO4  =  2S0.,  +  2FeS0,,  +  411,0. 

Carbonate  of  Iron.   Ferrous  Carbonate. 

Second  Si/nlhctlcal  Reaction . — To  solution  of  ferrous  sul- 
phate, boiling,  in  a  test-tube,  add  solution  of  bicarbonate  of 
sodium  (NaHCO;,)  in  recently  boiled  water  ;  a  white  precipitate 
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of  ferrous  carbonate  (FeCO;,)  is  thruWn  down,  rapidly  becoming 
light  green,  bluish  green,  and,  after  a  long,  time,  red,  through 
absorption  of  oxygen,  evolution  of  carbonic  acid  gas,  and  for- 
mation of  ferric  oxyhydrate. 

FeSO,  +  2NaHC0,  =  FeCO,  +  Na,SO«  +  H,0  +  CO, 

Fencuis  Bicarbonate  of  Ferrous         Sulpliate  of  Water.  Carbonic 

Biilpliiite.  sodium.  carbonate.         sodium.  acid  gas. 

Saccharated  Carbonate  of  Iron. — The  above  precipitate,  rapidly 
vi'ashed  with  hot,  well-boiled  distilled  water,  and  the  moist  powder 
mixed  with  sugar,  and  quickly  dried — -in  short,  all  possihle  precau- 
tions taken  to  avoid  exposure  to  air — forms  the  saccharated  carljo- 
nate  of  iron  {Ferri  Carbonas  Saccharatus,  U.  S.  P.). 

The  official  proportions  are  10  of  the  sulphate  dissolved  in  40  of 
hot  water,  and  7  of  the  bicarbonate  dissolved  in  100  of  warm  water, 
and  each  filtered.  The  former  is  then  added  to  the  latter  in  a  flask, 
tho  mixture  shaken,  the  precipitate  washed  by  decantation  until  the 
washings  give  only  a  very  slight  turbidity  with  chloride  of  liarium, 
di'ained,  and  while  still  somewhat  moist  mixed  with  16  parts  of 
sugar,  and  finally  dried  over  a  water-bath. 

Oarljonate  of  iron,  mixed  with  honey  and  sugar,  forms  the  Massa 
Ferri  Carbonati.s,  U.  S.  P. 

Ferrous  carbonate  is  said  to  be  more  easily  dissolved  in  the  stom- 
ach than  any  other  iron  preparation.  It  is  so  unstahle  and  prone  to 
oxiilation,  that  it  must  be  washed  in  water  containing  no  dissolved 
air  and  mixed  with  the  sugar  (which  protects  it  from  oxidation)  as 
quickly  as  possihle.  In  making  the  official  compound  mixture  of 
iron  {Mistura  Ferri  Compnsita,  U.  S.  P.),  "  Griffith's  mixture,"  the 
various  ingredients,  including  the  carbonate  of  potassium,  should 
be  placed  in  a  bottle  of  the  required  size,  space  being  left  for 
the  crystals  or  solution  of  ferrous  sulphate,  which  should  be 
added  last,  the  bottle  immediately  filled  up  with  the  rose-water, 
and  securely  coi'ked ;  the  minimum  of  oxidation  is  thus  insured. 
Pilulce  Ferri  Composike,  U.  S.  P.,  is  made  fi'om  myrrh,  carbonate 
of  soda,  sulphate  of  iron,  and  syrup  ;  carbonate  of  iron  is  gradu- 
ally formed. 

FeSO,    -f    K^CO,    =    FeCOs    +  K^SO, 

Ferrous  Carbonate  of  Ferrous  Sulphate  of 

sulphate.  potassium.  carbouate.  potassium. 

Arseniate  of  Iron.   Ferrous  Arseniate. 

Third  St/nthetical  Reaction,  by  which  the  lower  arseniate 
of  iron,  ferrous  arseniate  (Ferri  Arxenias,  B.  P.)  (Fe,,2As04), 
partially  oxidized,  is  formed.  This  will  be  noticed  again  under 
Arsenicum. 

Phosphates  of  Iron.   a.  Ferrous  Phosphate. 

Fourth  Si/nthetical  Reaction. — To  solution  of  ferrous  sul- 
phate in  a  test-tube  add  a  little  solution  of  acetate  of  sodium, 
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then  solution  of  phosphate  of  sodium  ;  the  lower  phosphate  of 
iron,  ferrous  phosphate  (Fe32POj)  is  precipitated  {Ftrri  Phos- 
Ij/ias,  B.  P.). 

b.  Ferric  phosphate  (see  page  152). 

3FeS0,    +    2Na,HP0,    +  2NaaHaO, 

Ferrous  Phospliiite  of  Acetate  of 

sulphate.  sodium.  sodium. 

=    Fe32POj    +    3Na,S0.,    +  2110,11,0, 

Ferrous  Sulplmtu  of  Acetic  acid, 

pliospliato.  sotiiimi. 

Officially,  solutions  of  3  ounces  of  sulphate  of  iron  in  a  quart  of 
water  and  2i  ounces  of  phosphate  and  1  of  acetate  of  sodium  in 
another  quart  of  water,  are  well  mixed,  filtered,  the  precipitate  well 
washed,  and,  to  prevent  oxidation  as  much  as  possible,  dried  at  a 
temperature  not  exceeding  120°  F.  These  proportions  will  be  found 
to  accord  with  the  molecular  M^eights  of  the  crystalline  salts,  multi- 
plied as  indicated  in  the  foregoing  equation.  3(Fe80^,7H20)  =  834 ; 
2(Xa,,HP04,12H,0)  =  716 ;  2(NaC2ll30.,,3H._,0)  =  272. 

The  above  reaction  also  occurs  in  making  Si/riqius  Ferri  Phos- 
p/iatis,  B.  P.  The  precipitate  should  be  well  washed,  or  red  ferric 
acetate  may  be  developed  after  a  time. 

The  use  of  acetate  of  sodium  is  to  insure  the  absence  of  free  sul- 
phuric acid  in  the  solution — sulphate  of  sodium  being  formed 
together  with  acetic  acid.  Sulphuric  acid  is  a  powerful  solvent  of 
ferrous  phosphate  ;  acetic  acid  is  only  a  weak  solvent.  It  is  impos- 
sible to  prevent  the  separation  of  sulphuric  acid  if  only  feiTOUs 
sulphatJ  and  phosphate  of  sodium  be  employed.  The  solvent  action 
of  the  sulphuric  acid  for  the  ferrous  phosphate  is  still  better  pre- 
vented by  the  use  of  excess  of  the  phosphate  of  sodium  (Price), 
sodium  sulphate,  and  doubtless  monosodium  phosphate  (NaH2P04,- 
11,0)  resulting.  Ferrous  phosphate  is  white,  but  soon  oxidizes  and 
becomes  slate-blue. 


Sulphide  of  Iron,   Ferrous  Sulphide. 

Fifth  Sj/nthetiral  Reactiuii . — In  a  gas-  or  spirit-flame  strongly 
heat  sulphur  with  about  twice  its  weight  of  iron  filings  in  a 
test-tube  (or  in  an  earthen  crucible  in  a  furnace)  ;  ferrous  sul- 
phide (FeS)  is  formed.  When  cold,  add  water  to  a  small  por- 
tion, and  then  a  few  drops  of  sulphuric  acid ;  sulphuretted 
hydrogen  gas  (H,S),  known  by  its  odor,  is  evolved. 

FeS  +  H.,SO,  =  FCSO4  +  H,S. 

vSticks  of  sulphur  pressed  against  a  white-hot  bar  of  cast  iron  give 
a  pure  form  of  ferrous  sulphide.  The  liquid  sulnliido  tbus  formed 
is  allowed  to  drop  into  a  vessel  of  water.  Or  nudted  sulphur  ma>,j 
be  yioiired  into  a  criu;ible  full  of  red-hot  iron  nails,  when  a  <(uantity 
of  fluid  f(!rrous  sulphide  is  at  once  formed  and  uuiy  be  poured  out 
on  to  a  slab. 


144 


THE  METALLIC  RADICALS. 


Green  Iodide  of  Iron.   Ferrous  Iodide. 

Sixth  Synthetical  Reaction. — Place  a  piece  of  iodine,  about 
the  size  of  a  pea,  in  a  test-tube  witli  a  small  quantitj'  of  water, 
and  add  a^Tew  iron  filings,  small  nails,  or  iron  wire.  On  gently 
warming,  or  merely  shaking  if  longer  time  be  allowed,  the 
iodine  disappears,  and,  on  filtering,  a  clear  light-green  solution 
of  iodide  of  iron  (Fela)  is  obtained. 

The  official  Ferri  lodidum,  B.  P.,  is  formed  by  gently  warming  a 
mixture  of  3  parts  of  iodine,  H  of  fine  iron  wire,  and  12  of  distilled 
water  in  an  iron  vessel.  When  combination  is  nearly  complete  (as 
shown  by  indications  of  a  sea-green  tint),  boil  for  a  short  time  until 
the  whiteness  of  the  froth  proves  that  the  iodine  has  entirely  disap- 
peared. The  solution  is  then  filtered  and  evaporated  in  a  clean 
bright  iron  saucepan,  ladle,  or  dish  until  a  drop  taken  out  on  the 
end  of  an  iron  wire  stirrer  solidifies  on  cooling.  The  liquid  is 
poured  out  on  a  clean  smooth  slab,  broken  up  and  preserved  in  a 
glass-stoppered  bottle.  Solid  iodide  of  iron  has  a  crj'stalline  frac- 
ture, is  "  green  with  a  tinge  of  brown  ;  inodorous,  deliquescent,  and 
almost  entirely  soluble  in  water,  forming  a  slightly  green  solu- 
tion which  gradually  deposits  a  colored  sediment  and  acquires  a  red 
color." 

The  solid  iodide  contains  about  18  per  cent,  of  water  of  crystal- 
lization, and  a  little  oxide  of  iron.  It  is  deliquescent  and 
liable  to  absorb  oxygen  from  the  air,  with  formation  of  insoluble 
ferric  oxyiodide  or  hydrato-iodide.  Iodide  of  iron  thus  sj^oiled 
may  be  purified  by  re-solution  in  water,  addition  of  a  little 
more  iodine  and  some  iron,  warming,  filtering,  and  evaporating 
as  before. 

Ferrous  bromide  (FeBr2),  occasionally  used  in  medicine,  could  be 
made,  as  might  be  expected,  in  the  same  way  as  the  iodide.  Syrupus 
Ferri  Bromidi,  U.  S.  P.,  contains  10  per  cent,  of  ferrous  bromide. 

Fer7-i  lodidum  SaccJiaratum,  U.  S.  P.,  is  made  mixing  6  parts 
of  iron,  17  of  iodine,  and  20  of  water,  shaking  until  reaction  ceases, 
filtering  into  40  parts  of  sugar  of  milk,  evaporating  to  dryness 
with  frequent  stirring,  and  mixing  the  product  iu  a  mortar  with 
20  additional  parts  of  sugar  of  milk.  It  is  a  grayish  or  yellowish- 
white  hygroscoj^ic  powder. 

Syrupus  Ferri  lodidum,  U.  S.  P.,  contains  10  per  cent,  of  the 
iodide. 

FERRIC  SALTS. 

Anhydrous  Perchloride  of  Iron.  Ferric  Chloride. 

Seventh  Si/nthetical  Reaction. — Pass  chlorine  (generated  as 
usual  from  black  oxide  of  manganese  and  hydrochloric  acid  in 
a  flask)  through  sulphuric  acid  contained  in  a  small  bottle,  and 
thence  by  the  ordinary  narrow  glass  tubing  quite  to  the  bottom 
of  a  test-tube  containing  twenty  or  thirty  small  iron  tacks  (or 
a  Florence  flask  containing  2  or  3  ounces  of  iron  tacks),  the 
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latter  kept  hot  by  a  gas-flame ;  the  higlier  chloride  of  iron, 
ferric  chloride,  or  the  perchloride  *  of  iron  (Fe^Cln),  is  formed, 
and  condenses  in  the  upper  part  of  the  tube  or  flask  as  a  mass 
of  small  dark,  iridescent  crystals.  When  a  tolerably  thick  crust 
of  the  salt  is  formed,  break  ofi'  the  part  of  the  glass  containing 
it,  being  careful  that  the  remaining  corroded  tacks  are  ex- 
cluded, and  place  it  in  ten  or  twenty  times  its  weight  of  water; 
the  resulting  solution,  poured  off  from  any  pieces  of  glass,  is  a 

Fig.  31. 


Preparation  of  Anhydrous  Ferric  Cliloride. 


pure  neutral  solution  of  hydrous  ferric  chloride,  and  will  be 
M  Tviceable  in  performing  analytical  reactions. 

Precaution. — The  above  experiment  must  be  conducted  in  the  open 
air,  or  in  a  cupboard  having  a  draught  outwards. 

Anhydrous  Ferrous  Chloride. — In  breaking  up  the  tube,  small 
scales  of  a  light  buff  color  will  be  observed  adhering  to  the  nails ; 
they  are  crystals  of  ferrous  chloride  (FeCl2). 

Note. — Solution  of  ferric  chloride  evolves  some  hydrochloric  acid  on 
boiling,  while  a  darker  colored  solution  of  ferric  oxychloride  remains. 

Green  Chloride  of  Iron.  Hydrous  Ferrous  Chloride.  Solution 
of  Hydrous  Ferric  Chloride. 

Ei;jhfh  iSi/iifh''fi.r(il  Reaction. — Dissolve  iron  tacks,  in  a  test- 
tube,  in  hydrochloric  acid  ;  hydrogen  escapes,  and  the  solution 
on  cooling,  or  on  evaporation  and  cooling,  deposits  cri/HtaUized 
J'rrous  chloride  (FeCIs),  associated  with  four  molecules  of 
water  (4H,0)  of  crystallization  (FeCl2,4H,0). 

*  The  prefixes  prr  and  hyper  used  here  and  elsewhere  are  from  vT^ef), 
In/pi-r,  over  and  above,  and  simply  mean  "the  highest"  of  several. 
Thus  perchloride,  the  highest  chloride. 
1.3 
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Through  a  portion  of  the  solution  of  ferrous  chloride  pass 
chlorine  gas  ;  the  ferrous  chloride  becomes  ferric  chloride. 

The  excess  of  chlorine  dissolved  hy  the  liquid  in  this  experiment 
may  be  removed  by  ebullition ;  but  the  ferric  chloride  is  sliirhtly  de- 
composed at  the  same  time,  for  the  reason  just  stated.  The  free 
chlorine  may  also  be  carried  ofl"  by  passing  a  current  of  air  through 
the  liquid  for  some  time. 

Hydrous  Ferric  Chloride  (another  process). 

Ninth  Sijntlietical  Rcaclion. — To  another  portion  of  the  solu- 
tion of  ferrous  chloride,  in  a  test-tube,  add  a  little  more  hy- 
drochloric acid ;  heat  the  liquid,  and  continue  to  drop  in  nitric 
acid  until  the  black  color  it  first  produces  disappears ;  the  re- 
sulting reddish-brown  liquid  is  also  solution  of  ferric  chloride. 

GFeCl^  +  2HNO3  +  6HC1    =    3Fe,Clo  +  2N0  +  4H,0 

Fen-ous  Nitric        Hytliocliloric  Ferric  Nitric  Water, 

cliloride.  acid.  acid.  chloride.  oxide. 

The  black  substance  is  a  compound  of  nitric  oxide  gas  (NO)  with 
a  portion  of  the  ferrous  salt;  it  is  decomposed  by  heat. 

This  is  the  process  for  producing  the  Liquor  Ferri  C/tloridi,  U.  S. 
P.,  definite  weights  of  materials  being  employed  and  the  solution 
of  ferrous  chloride  being  poured  slowly  into  the  nitric  acid.  The 
sp.  gr.  of  the  Liquor  is  1.40.5.  It  contains  some  free  hydrochloric 
acid.    Percentage  of  anhydrous  chloride,  37.8. 

35  parts  of  this  solution  and  65  of  alcohol  form  the  Tindura  Ferri 
CMoricli,  U.  S.  P. 

Note. — The  spirit  in  the  tincture  is  unnecessary,  useless,  and  dele- 
terious ;  for  it  acts  neither  as  a  special  solvent  nor  as  a  preservative, 
the  offices  usually  performed  by  alcohol  {Tincliirce  et  Sued,  B.  P. 
and  U.  S.  P.),  but,  unless  the  liquid  contain  excess  of  acid,  decom- 
poses the  ferric  chloride  and  causes  the  formation  of  an  insoluble 
oxychloride  of  iron.  Even  if  the  tincture  he  acid,  it  slowly  loses 
color,  ferrous  chloride  and  chlorinated  ethereal  bodies  being  formed. 
A  Liquor,  of  similar  strength,  is  doubtless  destined  to  displace  the 
tincture  altogether. 

A  strong  solution  of  ferric  chloride,  on  standing,  yields  a  mass  of 
yellow  crystals  {Ferri  CIdoridum,  U.  S.  P.)  containing  Fe^Cl6,121l20, 
or,  rarely,  red  crystals  having  tlic  formula  re.^Clg,5Il20. 

Persulphate  of  Iron.   Ferric  Sulphate. 

Terith  Si/nfhetiral  Reaction. — Dissolve  ferrous  sulphate  with 
about  a  fifth  of  its  weight  of  sulphuric  acid  in  water  in  an 
evaporating-dish,  heat  the  mixture  and  drop  in  nitric  acid  until 
the  black  color  it  first  produces  disappears  ;  the  resulting  liquid, 
wlien  nuide  of  a  certain  prescribed  strength,  is  the  solution 
of  ferric  sulphate,  or  higher  sulphate,  Solution  of  Tersul- 
phate  of  Iron  "  of  the  Pharmacopoeia,  a  heavy  dark-red  liquid, 
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sp.  gr.  1.320  (Liquor  Ferri  Tersiilphatls,  U.  S.  P.).  Liquor 
Ffrri  Stihsnljiha/ix,  U.  S.  P.  (Monscl's  Solution),  is  a  similar 
fluitl,  made  with  less  acids,  containing,  therefore,  ferric  oxy- 
sulphute,  FeiOSSOi  (sp.  gr.  1.555). 

(•,FeSC\  +  3HS0,  +   2HNO3  =  3(Fe,3SO,)  +  2N0  +  4II.,0 

Ferrous         Suljiliuric  Nitric  Ferric  Nitric  Water. 

^iilpUiile.  acid.  acid.  sulphate.  oxide. 

The  black  color,  as  in  the  previous  reaction,  is  due  to  a  compound 
of  forrou.^  salt  with  nitric  oxide  (2FeS0^  +  NO). 

Kote. — In  all  the  reactions  in  which  iron  passes  from  ferrous  to 
ferric  condition  the  element  assumes  different  properties,  the  chief 
one  being  an  alteration  from  bivalent  to  trivalent  activity. 

The  official  "  Solution  of  Normal  Ferric  Sulphate"  or  Tcrsulphate, 
just  mentioned,  is  made  by  heating  a  mixture  of  15  parts  of  sul- 
pinu'ic  acid,  11  of  nitric,  and  50  of  water,  and  adding  80  of  ferrous 
sulphate  (about  one-fourth  at  a  time) ;  then  dropping  in  more  nitric 
acid  until  red  fumes  cease  to  be  produced  and  heating  until  the  fluid 
ha.s  a  reddish-brown  color  and  is  free  from  nitrous  odor.  Water  is 
added  to  make  200  parts.  It  contains  28.7  jjer  cent,  of  anhydrous 
ferric  sulphate. 


Acetate  of  Iron.  Ferric  Acetate. 

Eleventh  Si/nth'tical  Reaction . — To  a  strong  solution  of  ferric 
sulphate  (from  which  free  nitric  acid  has  been  removed  by 
evaporating  to  dryness  and  redissolving  in  water)  add  an  alco- 
holic solution  of  acetate  of  potassium  (KC.2H3O2),  and  well 
shake  the  mixture  ;  a  crygtalline  precipitate  of  sulphate  of  po- 
tas.sium  (K,S04)  falls,  and  ferric  acetate  (FeaGC^HjO^)  remains 
in  solution,  forming,  when  filtered  and  of  definite  strength,  the 
Tiiictiu  a  Ferri  Acetutis,  B.  P.    The  preparation  is  unstable. 

Fe,3S0,    -f    6KC2H3O2    =    3K,S0,    +  Fe.GCJl.O^ 

Ferric  Acetate  of  Sulpliate  of  Ferric 

sulpliate.  potassium.  potaesiuiii.  acetate. 

The  official  proportions  are  2^  fluidounces  of  "  Solution  of  Per- 
sulphate of  Iron"  with  8  fluidounces  of  rectified  spirit,  mixed  with  a 
solution  of  2  ounces  of  acetate  of  potassium  in  10  fluidounces  of 
spirit,  the  whole  well  .shaken  frequently  during  an  hour,  filtered,  and 
the  precipitated  sulphate  of  potassium  washed  by  pouring  on  spirit 
until  the  filtrate  Jiieasures  1  pint.  A  solution  four  "times  this  strength, 
nmilc  from  ferric  hydrate  and  glacial  accti(!  acid,  is  stable :  it  is  di- 
luted with  .spirit  as  wanted  (J.  Deano  and  T.  Jeatfrcson). 
.  The  Solution  f»f  Acetate  of  Iron  {Liquor  Ferri  Ae.datis,  U.  S.  P.) 

a(|iieous  solution  of  ferrie  acetate,  containing  8.3  per  cent,  of 
Fe./)tlJI.|().^.  It  if!  uiaile  by  dissolving  the  ferric  hydrate  pnmared 
from  a  known  ((iiiintity  of  ferrie  sulphate  in  a,  definite  weiglit  of 
iiwti,.  aeid.  Sp.  irr.  I. ICO.  50  parts  of  this  solution,  30  of  alcohol 
iukI  20  of  acetic  cthiT  form  the  nncinra  Fmri  Acelatis,  U.  S.  P. 
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Perhydrate  of  Iron.   Ferric  Hydrate. 

Twelfth  Sj/nfhe/iral  Reaction. — Pour  a  portion  of  the  solu- 
tion of  ferric  sulphate  into  excess  of  -solution  of  ammonia  ; 
moist  ferric  hydrate  is  precipitated  {Ferrt  Oxidum  Jli/dra/um, 

u.  s.  p.). 

Fe,3S04    +    6AmH0    =    Fe,6H0    +  SAm^SO^ 

Ferric  Ammonia.  p'erric  Sulphate 

sulphate.  hydiate.  of  auniiuuium. 

Either  of  the  other  alkalies  (potash  or  so(la)\vill  produce  a  similar 
reaction  ;  soda  is  cheapest,  ammonia  most  convenient. 

Ferric  hydrate  is  an  antidote  to  arsenic  if  administered  directly 
the  poison  has  been  taken. 

It  converts  the  soluble  arsenic  (As^Oj)  into  insoluble  ferrous 
arseniate : — 

2(Fe26HO)  +  As^Oa  =  Fe32As04  +  bRfi  +  Fe2H0. 

Dried  ferric  hydrate  (having  "become  an  oxy^iydrate — Fe^0.,4H0)  has 
less  action  on  arsenic.  Even  the  moist,  recently  prepared  hydrate 
(Fe^GHO)  loses  much  of  this  power  as  soon  as  it  has  become  con- 
verted into  an  oxyhydrate  (Fe4036IIO),  a  change  which  occurs  though 
the  hydrate  be  kept  under  water  (W.  Procter,  Jr.).  According  to 
T.  and  H.  Smith  this  decomposition  occurs  gradually,  but  in  an  in- 
creasing ratio ;  so  that  after  four  months  the  power  of  the  moist 
mass  is  reduced  to  one-half  and  after  five  months  to  one-fourth. 
Now  mere  loss  of  water  is  not  usually  followed  by  an}-  alteration 
of  the  essential  chemical  properties  of  a  compound.  It  would  seem, 
therefore,  that  ferric  hydrate  (two  molecules)  (Fe4l2HO)  probably 
suffers,  on  standing,  actual  decomposition  into  ox^'hydrate  (Fe^OaGHO) 
and  water  (311^0),  and  does  not  mei-ely  lose  water  already  existing 
in  it  as  water.  Ferric  hydrate  is  also  far  more  readily  soluble  in 
hydrochloric  acid,  tartaric  acid,  citric  acid,  and  acid  tartrate  of 
potassium,  than  ferric  oxyhydrate.  Any  formula  exhibiting  ferric 
hydrate  (Fe.^6H0)  as  a  combination  of  ferric  oxide  and  water 
(Fe^OgjSHjO)  is,  apparently,  for  these  and  other  reasons,  incorrect. 

Ferri  Oxidum  Hydratum  cum  Magnesia. — As  a  more  truslworihi/ 
arsenical  antidote,  a  mixture  of  solution  of  ferric  sulphate  and  mag- 
nesia is  recommended  in  the  United  States  Pharmacopoeia.  Bottles 
containing  («)  100  parts  of  the  official  solution  of  ferric  sulphate 
mixed  with  twice  its  weight  of  water,  and  (//)  1 5  parts  of  magnesia 
well  mixed  and  diluted  with  water,  are  to  be  kept  on  hand  ready 
for  immediate  use.  Their  contents  are  simply  mixed,  shaken  to- 
gether, and  administered  to  the  patient. 

Fe.,3S0,,  +   3MgO   +   3n.,0  =  3MgS0,   +  Fc/^IIO 

Ferric  Magnesia.         Water.  Sulphate  of  Ferric 

sulphate.  iiinfcne.sium.  hydrate. 

Peroxyhydrate  of  Iron,   Ferric  Peroxyhydrate. 

Collect  the  precipitate  on  a  filter,  wash,  and  dry  on  a  plate 
over  hot  water  ;  ferric  oxyhydrate  {Ferri  Fcroxiditm  IJi/dratuni, 
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B.  P.)  (Fe.^0.,2H0)  remains.  When  rubbed  to  powder  it  is  fit 
for  use  in  medicine. 

Fe,6lI0  =  Fe,0,2II0  +  2H.,0. 

This  oxiiydrate  further  docouiposes  when  heated  to  low  rcdncos, 
ferric  o.xide  (Fo.Pa)  remaining. 

Fe20.,2IIO  =  Fe-Pa  +  11,0. 

Peroxide  of  Iron.  Ferric  Oxide. 

The  six  univalent  atoms  of  the  IIO,  the  characteristic  elements  of 
all  hydrates,  are  thus,  by  two  successive  steps,  split  up  into  water 
and  oxygen.  But  between  the  hydrate  and  oxide  there  obviously 
may  be  another  oxyhydrate,  in  which  only  2II0  is  displaced  by  0' , 
and  such  a  compound  is  well  known  ;  it  is  a  variety  of  brown  iron 
ore.  The  other  oxyhydrate,  Fe.,0.,2H0,  is  also  native  (needle  iron 
ore),  as  well  as  being  the  Ferri  Feroxidam  Hydratum,  B.  P. 


"Ferri  Peroxidum  Humidum"   Fe'^'^  6H0 

A  variety  of  brown  iron  ore   Fe'''''.^''^  4II0 

"Ferri  Peroxidum  Hydratum"  (needle  ore)  .    .  Fe'^^0'"22IIO 

Ferric  oxide   Fe'^-'.^^'a 


The  moist  ferric  hydrate,  as  already  stated,  when  "kept  for  some 
months,  even  under  water,  loses  the  elements  of  water,  and  is 
converted  into  an  oxyhydrate  having  the  formula  Fe^IIgOg  (limo- 
nite  or  brown  haematite),  which  is  either  a  compound  of  the  above 
oxvhydrates  (Fe.,04II0)  +  (Fe.P2^H0),  or  is  a  definite  intermediate 
oxyhydrate  (FeiO,,6HO). 

By  ebullition  with  water  for  seven  or  eight  hours,  ferric  hydrate 
is  decomposed  into  water  and  an  oxyhydrate  having  the  formula 
FeJI.p,  (Saint  Giles),  which  is  either  a  mixture  of  the  official 
oxyhydrate  (F02O22IIO)  with  ferric  oxide  (Fe^O,),  or  a  definite  in- 
termediate body  (Fe^052IIO).  The  relation  of  these  bodies  to  each 
other  will  be  apparent  fi'oni  the  following  Table,  in  which,  for  con- 
venience, the  formuliB  of  ferric  hydrate  and  oxide  are  doubled : — 


Ferric  hydrate  (B.  P.)  (as  stalactite)  .    .    .    .  YQ^  12H0 

Kilbride  mineral  (?)   Fe,,010IIO 

Brown  iron  ore  (Iluttenrode  and  Raschau)  .    .  Fe^O.^BHO 

Old,  or  frozen,  ferric  hydrate  (limonite)  .    .    .  Fe.,0.,  6H0 

Ferric  oxyhydrate  (B.  P.)  (giithite)     ....  Fe.,0'|  4II0 

Boiled  ferric  hydrate  (turgite)   Fc.,0ii2II0 

Ferric  oxide  (red  hiEmatite)  .    .    .    . .  .    -.    .  Fe,,0„ 


A  ferric  o.xycarbhydrate  (Fc^OCOjSIlO)  has  been  obtained  by 
llother. 

7'/ie  Fn.f/IL'ih  official  ferric  oxi/hydrate  {Fofi.j^llO),  termed  in  the 
British  IMuirmauopccia  Jfydra/ed  Feroxide  of  Iron,  under  the  as- 
sumption that  it  is  a  comjjound  of  ferric  oxide  and  water  (Fe^.,,- 
H./)),  was  formerly  maile  by  mixing  solutions  of  ferrous  sulphate 
and  carbonate  of  sodium  and  (sxposing  tins  resulting  fiirrous  car- 
bonate to  the  air  until  it  was  nearly  all  converted  into  ferric  oxy- 
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hydrate ;  hence  its  old  names,  still  sometimes  seen  on  old  bottles,  of 
FtrH  Carbona.1  and  Furri  Subcarboiia.i. 

Ferric  Oxide  (another  process). 

Thirteenth  Synthetical  Reaction. — Roast  a  ci^stal  or  two  of 
ferrous  sulphate  in  a  small  crucible  until  fumes  cease  to  be 
evolved ;  the  residue  is  a  variety  of  ferric  oxide  (FcjOa)  or 
peroxide  of  iron,  known  in  trade  as  red  oxide  of  iron,  colcothnr, 
crocus,  roiu/e  (mineral),  or  Venetian  red.  It  has  sometimes 
been  used  in  pharmacy  in  mistake  for  the  official  oxyhydrates 
(vide  12th  Synthet.  Keac.^,  from  which  it  differs  not  only  in 
composition,  but  in  the  important  respect  of  being  almost  in- 
soluble in  acids. 

The  Scale  Compounds  of  Iron. 

Fourteenth  Synthetical  Reaction. — Repeat  the  twelfth  reac- 
tion, introducing  a  little  solution  of  citric  or  tartaric  acid,  or 
acid  tartrate  of  potassium,  before  adding  to  the  alkali  (soda, 
potash,  or  ammonia),  and  notice  that  now  no  precipitation  of 
ferric  hydrate  occurs.  This  experiment  serves  to  illustrate,  not 
the  manufacture  of  a  scale  compound,  but  the  chemistrj^  of  the 
manufacture.  The  effect  is  due  to  the  formation  of  double 
compounds,  termed  Ammonio-Citrate,  Potassio-Citrate,  Am- 
monio-Tartrate,  Potassio-Tartrate,  and  similar  Sodium  com- 
pounds of  Iron,  which  remain  in  solution  along  with  the  second- 
ary product — sulphate  of  the  alkali  metal.  Such  ferric  com- 
pounds, made  with  certain  prescribed  proportions  of  recently 
prepared  ferric  hydrate  (from  which  all  alkaline  sulphate  has 
been  washed),  and  the  respective  acids  (tartaric  or  citric)  or 
acid  salts  (acid  tartrate  of  potassium),  etc.,  and  the  solutions 
evaporated  to  a  syrupy  consistence,  and  spread  on  flat  plates 
till  dry,  form  the  scale  preparations  known  as  Ferri  et  Ammo- 
mi.  Oitras,  U.  S.  P.,  Ferri  Citrax,  U.  S.  P.  (also  Liquor  Ferri 
Citratis,  U.  S.  P.),  Fei-ri  et  Ammonii  Tartraa,  U.  S.  P.,  and 
Ferri  Fotasdo-ta rtras,  or  rather  Ferrwn  Tartarntnm,  B.  P., 
Ferri  et  Potassii  Tartrax,  U.  S.  P.  A  mixture  of  citrate  of 
iron  and  ammonium  with  citrate  of  strychnine  yields,  on  evap- 
oration, Ferri  et  Strychuivse  Citrtix,  U.  S.  P.  A  mixture  of 
ferric  citrate  with  citrate  of  ammonium  and  citrate  of  quinine 
yields,  by  similar  treatment,  the  well-known  scales  of  Ferri  et 
Quininse  CItrax,  TJ.  S.  P. 

Specimens  of  these  substances  may  be  prepared  by  attending 
to  the  following  details.  It  is  essential,  first,  that  the  ferric 
hydrate  be  thoroughly  washed,  or  an  insoluble  oxysulphate  will 
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be  formed ;  second,  that  the  ferric  hydrate  be  rapidly  washed, 
or  ail  insoluble  ferric  oxyhydrate  will  be  produced  ;  thirdly, 
that  the  whole  operation  be  conducted  quickly,  or  reduction  to 
ii:reen  ferrous  salt  will  occur  ;  fourthly,  that  the  solutions  of  the 
salts  be  not  evaporated  at  a  higher  temperature  than  that  stated, 
or  decomposition  will  take  place ;  and  fifthly,  that  the  full 
quantities  of  ferric  hydrate  be  employed. 

In  the  pharmacopoeial  processes  for  the  scale  compounds,  the  ferric 
liydvate  is  in  each  case  freshly  made  from  solution  of  ferric  sulphate 
by  precipitation  with  solution  of  ammonia, 

Fe^.SSO,   +    6AmTI0   =   Fe^BHO   +  SAm^SO, 

Ferric  Hydrate  of  Ferric  Sulphate  of 

Buli)bate.  aniniunium.  hydrate.  aiumuuium. 

the  solution  of  ferric  sulphate  being  made  of  a  definite  strength  (see 
p.  146)  from  a  known  weight  of  ferrous  sulphate.  The  reason  for 
ailopting  this  course  is  that  ferric  hydrate  is  unstable  and  cannot  be 
weighed,  because  it  cannot  be  dried  without  decomposing  and  be- 
c  oinlng  insoluble,  as  explained  under  the  12th  reaction. 

Ferri  Citras,  U.  S.  P.,  and  Feiri  et  Ammonii  Citrus,  U.  S.  P. — 
Ferric  hydrate  is  dissolved  in  solution  of  citric  acid,  and  the  whole 
evaporated  to  dryness  without  or  with  ammonia. 

To  pi'epai-e  the  ferric  hydrate,  dilute  105  parts  of  official  solution 
of  ferric  sulphate  with  water ;  pour  this  into  water  containing  excess 
of  solution  of  ammonia.  (If  the  opposit'3  course  were  adopted,  the 
alkaline  liquid  poured  into  the  ferric  solution,  the  precipitate  would 
contain  ferric  oxysulphate,  or  hydrato-sulphate,  which  interferes 
with  the  brilliancy  of  the  scales.)  Thoroughly  stir  the  mixture  (it 
will  smell  strongly  of  ammonia,  if  enough  of  the  latter  has  been 
added),  allow  the  precipitate  to  subside,  pour  away  the  supernatant 
liquid,  add  more  water,  and  repeat  the  washing  until  a  little  of  the 
liijuid  tested  for  by-product  (sulphate  of  ammonium)  by  solution  of 
chloride  or  nitrate  of  barium  ceases  to  give  a  white  precipitate  (sul- 
phate of  barium).  Collect  the  ferric  hydrate  on  a  filter,  drain,  and 
place  in  it,  while  still  moist,  30  parts  of  citric  acid,  in  an  evaporat- 
ing-basin,  over  a  water-bath  ;  stir  frequently,  until  the  hydrate  has 
dissolved.  Filter,  and  either  evaporate  until  the  liquid  weighs  100 
parts  (Lirjnm-  Ferri  fJit.ratis,  U.  S.  P.,  sp.  gr.  1.260;  strength,  35.5 
per  cent,  of  Fe22C(,IIrP7)  or  evaporate  to  a  syrup  at  60°  C.  and  spread 
on  glass  plates  to  dry  {Ferri  Oitrns,  U.  S.'P.,  Fc,2C,,H,0j'fiII.,0)'  <»'" 
to  3  parts  of  the  Liquor  add  1  of  ammonia-water  anil  evaporate  to 
form  scales  {Ferri  et  Ammonii  Citras,  U.  S.  P.). 

Ferri  et  Qninince  Citras,  U.  S.  P.,  is  made  by  dissolving  12  parts 
of  pure  quinine  (dried  at  100°  C.)  and  88  parts  of  citrate  of  iron  in 
water,  evaporating  and  scaling.    Liquor  Ferri  et  Quiuiiue  Gitratis, 

.  S.  P.,  contains  citrate  of  iron  and  ammoniuin  and  citrate  of  qui- 
nine. 

Ferri  et  Stri/chnince  Citras,  U.  S.  P.,  is  prepared  by  mixing  one 
part  of  strychnine  and  one  of  citric  acid  with  a  solution  containing 
'Jl^  parts  of  fitrate  of  iron  and  aininnniuiii.  i-viiporating  the  iiiixtuio 
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at  a  temperature  not  exceeflin<r  60°  C.  or  140°  F.  to  a  syrupy  con- 
sistence, and  scaling  in  the  usual  way  by  spreading  it  upon  plates 
of  glass. 

Fervi  d  Potussii  Tartras,  U.  S.  P. — Ferric  hydrate  is  dissolved  in 
solution  of  acid  tartrate  of  potassium  with  a  little  ammonia,  and 
the  whole  evaporated  to  dryness. 

The  ferric  hydrate  obtainal>le  from  twelve  parts  of  the  official 
solution  of  ferric  sulphate  by  the  action  of  ammonia,  in  the  manner 
detailed  in  the  previous  paragraphs,  is  mixed  (in  a  mortar),  while 
still  moist  but  well  drained,  with  four  parts  of  acid  tartrate  of  potas- 
sium. The  whole  is  then  heated  in  a  dish  over  a  water-}>ath  to  a 
temperature  not  exceeding  140°  F.,  and  the  mixture  kept  warm 
until  nothing  more  will  dissolve ;  a  little  ammonia  added  and  the 
clear  fluid  evaporated  at  a  temperature  not  exceeding  140°  F. 
(greater  heat  causes  decomposition),  and,  when  the  mixture  has 
the  consistence  of  syrup,  spread  on  panes  of  glass  and  allowed  to 
dry  (in  any  warm  and  light  place  shown  by  a  thermometer  to  be 
not  hotter  than  140°  F.).  The  dry  salt  is  then  obtained  in  flakes. 
It  should  be  kept  in  well-closed  bottles. 

Ferri  et  Ammonii  Tartras,  U.  S.  P.,  is  made  by  saturating  -solu- 
tion of  acid  tartrate  of  ammonium  with  ferric  hydrate,  evapoi'ating, 
and  scaling.  The  acid  tartrate  is  prepared  by  exactly  neutralizing 
half  of  any  quantity  of  tartaric  acid  by  carbonate  of  ammonium, 
and  then  adding  the  other  half. 

The  foregoing  are  the  only  official  scale  preparations  of  iron. 
Many  others  of  similar  character  might  be  formed.  The  Ciiraie 
dissolves  slowly  in  cold  but  readily  in  warm  water.  None  crystal- 
lize or  give  other  indications  of  definite  chemical  composition. 
Their  properties  are  only  constant  so  long  as  they  are  made  with 
unvarying  proportions  of  constituents.  AVant  of  chemical  com- 
pactness, the  loose  state  in  which  the  iron  is  combined,  precludes 
their  recognition  as  well-defined  chemical  compounds,  yet  possibly 
enables  them  to  be  more  readily  assimilated  as  medicines  than  some 
of  the  more  definite  ferrous  and  ferric  salts. 

A  definite  ferrous  tartrate  (FeC^II^Og)  and  ferrous  citrate 
(FeriCgnjOj,!!,^)  have  been  obtained  by  reaction  of  iron  and 
acid  in  hot  water.  They  occur  as  white  masses  of  microscopic 
crystals.  A  sodio-ferrous  citrate  (FeNaCgHsOj)  and  /ii/drato-citi'ate 
(FeNajTIOCglljO-)  may  be  obtained  in  scales  (Rother). 

Ferric  phosphate  (Fe22PO.,),  when  freshly  precipitated,  is  soluble 
in  solution  of  citrates  of  tlae  alkali-metals,  and  the  mixture,  on 
evaporation  on  glass  pl.ates,  yields  scales.  The  official  (U.  S.  P.) 
Ferri  Fhosphas  is  to  be  nuxde  by  adding  6  parts  of  phosphate  of 
sodium  to  an  aqueous  solution  of  5  parts  of  citrate  of  iron,  evap- 
orating and  scaling.  It  is  a  mixture  of  ferric  phosphate  and  citrate 
of  sodium. 

Wine  of  Iron,  or  "  Steel "  wine  ( Vinnm  Ferri,  B.  P.),  made  by 
digesting  iron  wire  in  sherry  wine,  probably  contains  tartrate  of 
potassiuni  and  iron  and  other  iron  salts,  formed  by  action  of  the 
metal  on  the  acid  tartrate  of  potassium  and  tartaric,  citric,  malic, 
and  acetic  acid  present  in  the  wine.    Vinum  Ferri  Citratis,  U.  S.  P., 
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contains  ammonio-citrate  of  iron  ;  Vhiiim  Ferri  Aniariini,  U.  S.  P., 
contains  citrate  of  iron  and  quinine. 

Black  Hydrate  of  Iron.   Ferroso-ferric  Hydrate. 

Ferri  Oxklmi.  Magnetiami ,  B.  P. 
Fiftrcnlli  Sj/nfhr/ical  Reaction. — To  two-thirds  of  a  small 
quantity  of  a  solution  of  ferrous  sulphate  add  a  little  sulphuric 
acid ;  warm,  and  gradually  add  nitric  acid,  as  described  in  the 
tenth  reaction,  care  being  taken  not  to  allow  one  drop  more 
nitric  acid  than  necessary  to  fall  into  the  test-tube.  Add  the 
other  third  of  ferrous  sulphate,  shake,  and  pour  the  liquid  into 
excess  of  an  alkali ;  black  (at  first  brown)  hydrate  of  iron,  or 
ferroso-ferric  hydrate  (FcaSHO  =  Fe2HO,Fe2GHO),  is  pro- 
duced. 

Fe,3S0,  +  FeSO^  +  8NaH0  =  Fe,8H0  +  4Na,S0, 

Ferric  Ferrous  Soda.  BIk.  Hydrate  Sulpliute 

sulphate.  sulphate,  .of  iron.  of  sodium. 

It  is  so  readily  attracted  by  a  magnet,  even  when  moist,  as  to 
collect  round  the  poles  when  the  instrument  is  immersed  in 
the  supernatant  liquid.  Hence  the  B.  P.  name,  Ferri  Oxidum 
Magneticum. 

In  this  process  the  nitric  acid  oxidizes  the  hydrogen  of  the  sul- 
phuric acid,  the  sulphuric  radical  uniting  with  the  ferrous  sulphate, 
the  iron  of  which  is  at  the  same  time  altered  from  the  ferrous  to  the 
ferric  condition,  ferric  sulphate  being  formed.  If  too  much  nitric 
acid  be  employed,  the  second  portion  of  ferrous  sulphate  wall  also 
be  converted  uito  ferric  salt,  and  the  solution,  on  the  addition  of 
alkali,  yield  only  red  ferric  hydrate.  This  result  may  be  avoided 
by  evaporating  the  solution  of  ferric  sulphate  nearly  to  dryness, 
thus  boiling  off  excess  of  nitric  acid,  or  by  pouring  first  the  ferric 
and  then  the  ferrous  liquid  into  the  alkali  and  thoroughly  stirring 
the  mixture;  any  nitric  acid  is  then  neutralized  and  rendered  in- 
ca[)ab!e  of  oxidizing  the  ferrous  sulphate  sulisequently  added. 

Black  hydrate  of  iron  is  decomposetl  by  heat,  yielding,  in  a  closed 
vessel,  oxy hydrates,  and,  finally,  bhick  oxide  of  iron  or  ferroso-ferric 
oxide.  Heated  in  the  air  it  absorbs  oxygen  and  gives  ferric  oxide. 
The  black  J'orije-scules  which  collect  near  the  blacksmith's  anvil 
liuvo  the  composition  of  ferroso-ferric  oxide :  the  black  magma 
formed  on  exposing  a  mixture  of  iron  and  water  to  the  air  is  fer- 
roso-ferric hydrate ;  but  these  varieties  are  apt  to  contain  particles 
of  metal,  and  hence  give  hydrogen  gas  when  dissolved  in  acids — a 
character  which  distinguishes  them  from  the  oflicial  prc'paration. 

If  a  driiid  specimen  of  the  lilack  hy(h'a,te  of  iron  be  re([uired,  the 
ini.\tur(!  should  b(!  well  lioiled  and  then  set  aside  for  an  hour  or  two 
to  favor  aggregation  of  th(!  [)arti(!les,  th(!  mixture  filtered,  and  the 
)n'cipitate  washed  until  the  washings  contain  no  trace  of  sulphate 
tiiat  is,  until  thciy  no  longer  yield  a  white  jireinpitate  with  chloride 
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of  barium).  Black  hydrate  of  iron  absorbs  oxygen  even  at  the 
temperature  of  the  water-bath  ;  it  shouhl  consequently  be  dried  at 
12U°,  a  temperature  at  which  only  slight  oxidation  occurs. 

Pernitrate  of  Iron.   Ferric  Nitrate. 

Sixteenth  Si/nlhetic(tl  Reaction. — Place  a  few  iron  tack.s  in 
dilute  nitric  acid  and  set  aside ;  solution  of  ferric  nitrate,  or 
pernitrate  of  iron,  is  formed  (FeaONOg). 

Fe.,  +  8HNO3  =  Fe^GNOa  +  4H.,0  +  2N0 

Irun.  Nitric  Ferric  Water.  Nitric 

acid.  nitrate.  oxide. 

Precipitate  ferric  hydrate  from  solution  of  ferric  sulphate, 
wash,  and  dissolve  it  in  nitric  acid. 

Fe.,6H0  +  6HNO3  =  Fe^GNOg  +  GH.,0 

Ferric  Nitiic  Ferric  Water, 

hydrate.  acid.  nitrate. 

The  latter  is  the  official  method  for  preparing  Liquor  Ferri  Kitra- 
iis,  U.  S.  P.,  definite  quantities  of  solution  of  ferric  sulphate  and  of 
nitric  acid  being  employed.  Sp.  gr.  1.050.  Strength,  about  6  per 
cent,  of  anhj'drous  nitrate. 

Ferric  nitrate  and  ferric  acetate  unite  to  form  various  aceto-nitrates, 
amongst  which  is  one  having  the  formula  Fe.j4C._,n.,0,j,N03,HO,4II.^O, 
crystallizing  in  hard,  shining,  brownish-red  prisms. 

Reduced  Iron. 

Seventeenth  Synthetical  Reaction. — Pass  hydrogen  gas  (dried 
by  passing  over  pieces  of  chloride  of  calcium  contained  in  a 

Fig.  32. 


Preparation  of  Reduced  Iron. 


tube,  or  through  sulphuric  acid  in  a  wash-bottle)  into  a  small 
quantity  of  ferric  oxyhydrate  or  oxide  ("  subcarbonate,"  U.  S. 
P.)  contained  in  a  tube  arranged  horizontally  (a  test-tube,  the 
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hottoiii  of  which  has  been  iiceidentally  broken,  answers  very 
well),  the  oxide  being  kept  hot  by  a  gas-flame  ;  oxygen  is  re- 
moved from  the  oxide  by  the  hydrogen,  steam  escapes  at  the 
open  end  of  the  tube,  and  after  a  short  time,  when  moisture 
ceases  to  be  evolved,  metallic  iron,  in  a  minute  state  of  division, 
remains.    (See  Fig.  32.) 

¥e,0,  +  3H.,  =  Fe,  +  3H,0 

Ferric       Hydrogen.      Iron.  Water, 
oxide. 

While  still  hot  throw  the  iron  out  into  the  air ;  it  takes  fire 
and  falls  to  the  ground  as  oxide. 

If  the  ferric  oxide  is  reduced  in  a  gun-barrel  heated  by  a  strong 
furnace,  the  particles  of  iron  aggregate  to  some  extent,  and,  when 
cold,  are  only  slowly  oxidized  in  dry  air.  This  latter  form  of  re- 
duced iron  is  Fer  rediiit  or  Queveiiiie's  Iron,  the  ferri  pulvis,  or  Fer- 
rum  Beducium.,  U.  S.  P. — "  a  fine  grayish-black  powder,  strongly 
attracted  by  the  magnet,  and  exhibiting  metallic  streaks  when  rubbed 
with  firm  pressure  in  a  mortar." 

Note  I. — The  spontaneous  ignition  of  the  iron  in  the  above  experi- 
ment is  an  illustration  of  the  influence  of  minute  division  on  chemi- 
cal affinity.  The  action  is  the  same  as  occurs  whenever  iron  rusts, 
and  the  heat  evolved  and  amount  of  oxide  formed  is  not  greater 
from  a  given  quantity  of  iron  ;  but  the  surface  exposed  to  the  action 
of  the  oxygen  of  the  air  is,  in  the  case  of  this  variety  of  reduced 
iron,  so  enormous  compared  with  the  weight  of  the  iron,  that  heat 
cannot  be  conducted  away  sufficiently  fast  to  prevent  elevation  of 
temperature  to  a  point  at  which  the  whole  becomes  incandescent. 
In  the  slow  rusting  of  iron  escape  of  heat  occurs,  but  is  not  ob- 
served, because  spread  over  a  length  of  time ;  in  the  spontaneous 
ignition  of  reduced  fi-on  the  whole  is  evolved  at  one  moment.  The 
mixture  of  lead  and  carbon  (lead  pyrophorus)  resulting  when  tartrate 
of  lead  is  heated  in  a  test-tube  until  fumes  cease  to  be  evolved,  spon- 
taneously ignites  when  thrown  into  the  air,  and  for  the  same  reason. 
Many  substances,  solid  and  li((ui(l,  if  sufficiently  finely  divided  and 
liable  to  oxidation,  and  especially  if  exposed  in  a  warm  place,  be- 
come hot,  and  even  occasionally  spontaneously  burst  into  flame. 
Oil  on  cotton-waste,  powdered  charcoal,  coal,  especially  if  pyritic 
or  if  very  porous,  or  if  powdered,  resins  in  powder,  and  even  flour, 
are  familiar  illustrations  of  materials  liable  to  "  heat"  or  even  burn 
spontaneously. 

Note  II. — The  student  having  time  and  opportunity  for  the 
experiment  is  advised  to  make  this  seventeenth  reaction  a 
roughly  quantitative  one,  by  way  of  realizing  what  has  been 
stated  (see,  again,  the  General  Principles  of  Chemical  Phil- 
osophy, pp.  30-59)  respecting  the  action  of  chemical  force  on 
definite  weights  only  of  matter.  Three  tubes,  similar  to  the 
oxide-tube  shown  in  the  engraving,  should  be  prepared,  the 


156 


TIIK  METALLIC  JtADICAIiS. 


second  being  connected  to  tlie  first  and  the  third  to  the  second 
by  India-rubber  tubing  in  the  usual  manner.  The  first  tube 
should  contain  pieces  of  chloride  of  calcium  to  absorb  any 
traces  of  moisture  not  retained  by  the  sulphuric  acid.'  The 
second  tube  (the  ends  of  the  small  tube  being  temporarily 
closed  by  small  corks)  should  be  Aveighed  in  any  ordinary 
scales  which  will  turn  with  a  quarter  or  half  of  a  grain,  and. 
the  weight  being  noted,  160  grains  of  dry  ferric  oxide  should 
be  neatly  placed  in  the  middle  of  the  tube.  (The  oxide  must 
be  previously  gently  heated  in  a  small  crucible  over  a  lamp  to 
remove  all  traces  of  moisture.)  The  third  tube  should  contain 
pieces  of  chloride  of  calcium  to  absorb  the  water  produced  in 
the  reaction,  and  just  before  being  connected  should  be  weighed. 
The  operation  is  now  carried  out.  At  its  close,  and  when  the 
middle  tube  is  cold,  the  latter  tube  and  the  third  tube  are  again 
weighed.  The  oxide-tube  should  weigh  48  grains  less  than 
before,  and  the  terminal  tube  54  grains  more  than  before. 

FeA    +    3H.,    =    Fe.,    +  3H,0 

112  4-  48  =  160     6  112  54 

The  operation  is  more  quickly  and  easily  performed  if  one-half 
or  one-quarter  of  the  weight  of  oxide  be  taken  ;  in  that  case 
one-half  or  one-quarter  of  the  weight  of  iron  and  of  water  will 
be  obtained.  Indeed  any  weight  of  oxide  may  be  employed ; 
the  amount  of  iron  and  water  resulting  will  be  always  exactly 
projyortionafe  to  the  weights  just  mentioned.  Thus  16  parts 
of  oxide  yield  11.2  of  iron  and  5.4  of  water.  Iron,  hydrogen, 
and  oxygen  always  combine  in  proportions  of  56,  1,  and  16 
respectively  ;  hence  our  justification  for  agreeing  that  the  sym- 
bol Fe  shall  stand  for  56,  more  exactly  55.9,  parts  by  weight 
of  iron,  H  for  1  part  by  weight  of  hydrogen,  and  0  for  16  parts 
by  weight  of  oxygen. 

Ferric  P3rrophosphate. 

El(/lit('enfh  Synth.cti«ul  Reaction. — To  solution  of  pyrophos- 
phate of  sodium  add  solution  of  ferric  sulphate ;  a  yellowish- 
white  precipitate  of  ferric  pyrophosphate  (FeiSP-^O^jOH-iO) 
separates. 

The  official  (U.  S.  P.)  Ferri  Pyroph.osphaa  is  to  be  made  by 
adding  10  parts  of  pyrophosphate  of  sodium  to  an  aqueous  solu- 
tion of  9  parts  of  citrate  of  iron,  evaporating  and  scaling.  The 
apple-green  product  is  a  mixture  of  ferric  pyrophosphate  and 
citrate  of  sodium. 
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(6)  Reactions  having  Analytical  Interest  (^Testsy 
(The  iron  occurring  as  a  ferrous  salt.) 
First  Anahjtic.al Reaction. — Pass  sulphuretted  hydrogen  (H.^S) 
through  a  solution  of  a  ferrous  salt  (e.  y.,  ferrous  sulphate) 
slightly  acidulated  by  hydrochloric  acid  ;  no  precipitate  occurs. 
This  is  a  valuable  negative  fact,  as  will  be  evident  presently. 
Second  Analytical  Reaction. — Add  sulphydrate  of  ammo- 
nium (NH^HS)  to  solution  of  a  ferrous  salt;  a  black  precipi- 
tate of  ferrous  sulphide  (FeS)  falls. 

FcSO,  +  2AmT-IS  -  FeS  +  Am^SO^  -f  H.,S. 

Third  Amili/tical  Reaction. — j.\dd  solution  of  ferrocyanide  of 
potassium  (yellow  prussiate  of  potash),  KjFe"Cyc,  or  KiFcy"", 
to  solution  of  a  ferrous  salt;  a  precipitate  (K.Fe"Fe"CyG,  or 
K,,Fe"Fcy)  falls,  at  first  white,  or  bluish-gray,  but  rapidly  be- 
coming blue,  owing  to  absorption  of  oxygen. 

Fourth  Analytical  Reaction. — To  solution  of  a  ferrous  salt 
add  ferridcyanide  of  potassium  (red  prussiate  of  potash), 
K„Fe"',Cyi2,  or  K^Fdcy ;  a  precipitate  (Fe";,Fe"'2Cy,,,  or 
Fe"3Fdcy)  resembling  Prussian  blue  (Turnbull's  blue)  is 
thrown  down. 

Other  Analytical  Reactions. — The  precipitates  produced  from 
ferrous  solutions  on  the  addition  of  alkaline  carbonates,  phos- 
phates, and  arseniates,  as  already  described  in  the  synthetical 
reactions  of  ferrous  salts,  are  characteristic,  and  hence  have  a 
certain  amount  of  analytical  interest,  but  are  inferior  in  this 
respect  to  the  four  reactions  above  mentioned. 

Note. — Alkalies  (potash,  soda,  or  ammonia)  ai-e  incomplete 
precipitants  of  ferrous  salts,  hence  are  almo.st  useless  as  tests. 
To  solution  of  a  ferrous  salt  add  ammonia  (NH^HO)  ;  on  fil- 
tering off  the  whitish  ferrous  hydrate  and  testing  the  solution 
with  sulphydrate  of  ammonium,  iron  will  still  be  found.  To 
another  portion  of  the  ferrous  solution  add  a  few  drops  of  nitric 
iieid  and  boil ;  this  converts  the  ferrous  into  ferric  salt,  and 
no-,v  alkalies  will  wholly  remove  the  iron,  as  already  twice  seen 
during  the  performance  of  the  synthetical  experiments. 

In  actual  analysis,  the  separation  of  iron  as  ferric  hydrate  is  an 
operation  of  frcr[uent  performance.  This  is  always  aeconiplished  by 
tlio  addition  of  alkali,  and,  if  tlie  iron  occurs  as  a  ferrous  salt,  by 
pnivious  ohullition  with  a  little  nitric  acid.  Ferrocyanide  and  ferrid- 
cyanide of  potassium  are  tii(!  roaj;(!nts  u.sod  in  distinguislung  ferrous 
from  ferric  .salts. 

(The  iron  occurring  as  a  ferric  salt.) 
Fiftli  Analytical  Reaction. — Through  a  ferric  solution  (fer- 
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ric  chloride,  c.  g.)  pass  sulphuretted  hydrogen  ;  a  white  precipi- 
tate of  the  sulphur  of  the  sulphuretted  hydrogen  falls,  and  the 
ferric  is  reduced  to  a  ferrous  salt,  the  latter  remaining  in  solu- 
tion. This  reaction  is  of  frequent  occm-rence  in  practical 
analysis. 

2Fe,Cl,  +  2H,S  =  4FeCl,  +  4HC1  +  S,. 

Sixfh  Anah/tu-al  Rraclion. — Add  sulphydrate  of  ammo- 
nium to  a  ferric  solution  ;  the  latter  is  reduced  to  the  ferrous 
state,  and  black  ferrous  sulphide  (FeS)  is  precipitated  as  in 
the  second  analytical  reaction,  sulphur  being  set  free. 

Seventh  Analytical  Reaction. — To  a  ferric  solution  add  ferro- 
cyanide  of  potassium  (K^FeCye,  or  K^Fcy"")  ;  a  precipitate 
of  Prussian  blue,  the  common  pigment,  occurs  (Fe"'43Fe"Cy6, 
or  Fe'",Fcy"",). 

Eighth  Analytical  Reaction. — To  a  ferric  solution  add  solu- 
tion of  ferridcyanide  of  potassium  ;  no  precii^itate  occurs,  but 
the  liquid  is  darkened  to  a  brownish-red  or  to  a  greenish  or 
olive  hue  if  the  salts  are  not  quite  pure. 

Ninth  Analytical  Reaction. — This  is  the  production  of  a  red 
precipitate  of  ferric  hydrate,  on  the  addition  of  alkalies  to  fer- 
ric salts,  and  is  identical  with  the  twelfth  synthetical  reaction. 

Note. — This  reaction  illustrates  the  conventional  character  of  the 
terms  synthesis  and  analysis.  It  is  of  equal  importance  to  the 
manufacturer  and  the  analyst,  and  is  synthetical  or  analytical  ac- 
cording to  the  intention  with  which  it  is  performed. 

Other  ferric  reactions  have  occasional  analytical  interest.  In 
neutral  ferric  solutions  the  tannic  acid  in  aqueous  infusion  of 
galls  occasions  a  bluish-black  inky  precipitate,  the  basis  of  most 

black  writing  inks.  (The  Mistura  Fcrri  Aromatica  of  the 

British  Pharmacopceia,  made  by  digesting  metallic  iron  in  an 
infusion  of  various  vegetable  substances,  contains  tannate,  or 
rather  tannates,  of  iron  :  it  is  commonly  known  in  Ireland  by 
the  name  of  Heberden's  Ink,  after  the  physician  by  whom  it 
was  first  used.  It  contains  about  1  grain  of  iron  in  1  pint.) 
 Sulphocyanicle  of  Potcisxinm  (KCyS)  causes  the  forma- 
tion of  fei-ric  sulphocyanide,  which  is  of  a  deep  blood-red  color. 

 There  is  no  ferric  carbonate  ;  alkaline  carbonates  cause  the 

precipitation  of  ferric  hydrate,  while  carbonic  acid  gas  escapes. 

Note. — Cyanofren  (CN,  or  Cy^),  ferrocvanogen  (FeCgN'R,  or  FcCvb, 
or  simply  Fcy''^'^),  and  ferridcyanogen  (l^e.,Cyi2,  ^r  Fdey^''),  are  radi- 
cals which  play  the  part  of  non-metallic  elements,  just  as  ammonium 
in  its  chemical  relations  resembles  the  metallic  elements.  They  will 
be  again  referred  to. 

3Ienioraiichnn. — The  reader  must  on  no  account  omit  to  write 


ZINC,  ALUMINIUM,  IRON. 
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out  equations  or  diagrams  expressive  of  each  of  the  reactiona 
of  iron,  analytical  as  well  as  synthetical.  It  is  presumed  that 
this  has  already  been  done  immediately  after  each  reaction  has 
])een  performed. 

directions  for  applying  the  foregoing  analytical 
reactions  to  the  analysis  of  an  aqueous  solution 
of  salts   containing   one  of  the  metals,  zinc, 
Aluminium,  Iron. 
Add  solution  of  ammonia  gradually  : 

A  dirty-green  precipitate  indicates  iron  in  the  state  of  a 
ferrous  salt. 

A  red  precipitate  indicates  iron  in  the  state  of  a  ferric  salt. 
A  white  precipitate,  insoluble  in  excess,  indicates  the  pres- 
ence of  an  aluminium  salt. 

A  white  precipitate,  soluble  in  excess,  indicates  zinc. 

These  results  may  be  confirmed  by  the  application  of  some  of  the 
other  tests  to  fresh  portions  of  the  solution. 

TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  THE  FOREGOING 
ANALYTICAL  REACTION  TO  THE  ANALYSIS  OF  AN  AQUEOUS 
SOLUTION  OF  SALTS  OF  ONE,  TWO,  OR  ALL  THBEE  OF 
THE  METALS,  ZiNC,  ALUMINIUM,  IrON. 

Boil  about  half  a  test-tubeful  of  the  sohition  with  a  few  drops  of 
nitric  acid.  This  insures  the  conversion  of  ferrous  into  ferine  salts, 
and  enables  the  next  reagent  (ammonia)  completely  to  preciiiitate 
the  iron.    Add  excess  of  ammonia,  and  shake  the  mixture.  Filter. 


Precipitate 

Filtrate 

Al  Fe.* 

Zn. 

Dissolve 

in  HCl,  add  excess  of  KHO, 

Test  by  AmllS 

stir,  filter. 

(white  ppt.). 

Filtrate 

Al. 

(red  ppt.). 

Make  slightly  acid  by  ITCl, 

and  add  excess  of  AmIlOf 

(white  ppt.). 

*  The  aluminium  precipitate  (AL^GHO)  is  white,  the  iron  (Fe^GIIO) 
red.  If  tlie  precipitate  is  red,  iron  must  be  and  alnmiiiinm  may  be 
I)resent;  if  wliite,  iron  is  absent,  and  fui-llier  operations  on  llie  ppt. 
iire  imneccsKiu-y.  Tiiis  prceipitate  (Al./lIK)  and  Fc^GIIO)  may  also, 
if  suflicient  is  at  disposal,  be  analyzed  by  simply  well  shaking  a 
washed  portion  in  a  tiilie  ivilh  sohition  of  i)()t;iKh  or  soda;  the  liydrale 
of  iron  is  not  thereby  aflbeted,  while  tiie  liydrale  of  alnininiiun  is  dis- 
solved, and  may  be  detected  in  the  clear  decanted  fluid  by  neiitralizing 
all  alkali  by  a  little  excess  of  acid,  and  tlien  adding  exce.ss  of  ammonia. 

t  Alumina,  when  in  small  quantity,  is  sometimes  i)reveuled  from 
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Note,  I. — If  iron  is  joresent,  portions  of  the  original  solution 
must  be  tested  by  ferriclcyanide  of  potassium  for  ferrous,  and 
by  ferrocyanide  for  ferric  salts ;  dark-blue  precipitates  with 
both  indicate  both  salts. 

Note  II. — If  no  ferrous  salt  is  present,  ebullition  with  nitric 
acid  is  unnecessary.  It  is,  perhaps,  therefore  advisable  always 
to  determine  this  point  by  previously  testing  a  little  of  the 
original  solution  with  ferridcyanide ;  if  no  blue  precipitate 
occurs,  the  nitric  acid  treatment  may  be  omitted. 

Chart  for  all  Metals  hitherto  considered. 

The  following  Table  {vide  p.  161)  is  perhaps  the  best,  but  not  the 
only,  adaptation  of  the  ordinary  reactions  to  systematic  analysis.  In 
it  the  analytical  scheme  for  the  third  group  is  added  to  that  of  the 
first  two  groups.  As  before,  analysis  is  commenced  by  the  addition 
of  chloride  of  ammonium  (NII,Ci)  to  prevent  partial  precipitation 
of  magnesium,  and  )jy  ammonia  (NII^HO)  to  neutralize  any  acid. 
For  acid  destroys  the  group  precipitant,  sulph\-drate  of  ammonium 
(NH^HS),  preventing  its  useful  action,  and  causing  a  precipitation 
of  the  free  sulphur  it  commonly  contains.  Any  precipitate  by  the 
ammonia  may  be  disregarded,  for  the  sulphydrate  attacks  both  solid 
and  liquid. 

Note. — When  a  test  gives  no  reaction,  absence  of  the  body  sought 
for  may  be  fairly  inferred.  If  a  group-test  (that  is,  a  test  which 
precipitates  a  group  of  substances)  gives  no  reaction,  the  analyst 
is  saved  the  trouble  of  looking  for  any  of  the  members  of  that 
group. 


QUESTIONS  AND  EXERCISES. 

207.  Name  the  chief  ores  of  iron. 

208.  How  is  the  metal  obtained  from  the  ores? 

209.  AVhat  is  the  chemical  difference  between  cast  iron,  wi'ought 
iron,  and  steel? 

210.  Explain  the  process  of  welding. 

211.  What  is  the  uatui-e  of  chalybeate  waters? 

212.  Illustrate  by  formula  the  difference  between  ferrous  and  ferric 
salts. 

213.  Under  what  different  circumstances  may  the  atom  of  iron  be 
considered  to  exert  bivalent,  trivaleut,  and  sexivalent  activity  ? 

214.  Write  a  paragraph  on  the  nomenclature  of  iron  salts. 

215.  Give  a  diagram  of  the  official  process  for  the  preparation  of 
ferrous  sulphate. 

216.  In  what  respects  do  Sulphate  of  Iron,  Granulated  Sulphate 
of  Iron,  and  dried  Sulphate  of  Iron  difl'er? 

being  precipitated  by  ammonia  tlirougli  tlie  presence  of  organic  mut- 
ter derived  from  the  filter-paper  by  action  of  the  potash.  In  cases  of 
doubt,  therefore,  before  adding  ammonia  boil  the  liquid  with  a  little 
nitric  acid,  whicli  destroys  any  organic  mutter. 
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217.  How  is  ferrous  sulphate  obtained  on  the  large  scale? 

218.  Mention  the  chemical  names  of  white,  green,  and  blue  vitriol. 

219.  Why  does  ferrous  sulphate  become  brown  by  prolonged  ex- 
posure to  air? 

220.  Give  a  diagram  showing  the  formation  of  Ferrous  Carljonate. 

221.  Describe  the  action  of  atmospheric  oxygen  on  ferrous  carbo- 
nate.   Can  the  effect  be  prevented  ? 

222.  In  what  order  would  you  mix  the  ingredients  of  Mistura 
Ferri  Composiia,  and  why? 

223.  Write  out  an  equation  illustrative  of  the  formation  of  the 
Phosphate  of  Iron. 

224.  Why  is  acetate  of  sodium  used  in  the  preparation  of  ferrous 
phosphate  ? 

225.  AVhich  four  compounds  of  iron  may  be  formed  by  the  direct 
union  of  their  elements? 

226.  Give  the  official  method  for  the  preparation  of  Solution  of 
Ferric  Chloride. 

227.  Of  what  use  is  the  spirit  in  Tincture  of  Perchloride  of  Iron? 

228.  How  may  Ferrous  be  converted  into  Ferric  Sulphate? 

229.  What  is  the  formula  of  Ferric  Acetate?  And  how  is  it  pre- 
pared for  use  in  pharmacy  ? 

230.  Express  by  formulje  the  difference  between  Ferri  Peroxidum 
Humidiim,  B.  P.,  and  Ferri  Peroxidum  Hydrattim,  B.  P. 

231.  How  does  Ferric  Hydrate  act  as  an  antidote  to  arsenic? 

232.  What  are  the  properties  of  anhydrous  ferric  oxide? 

233.  What  are  the  general  chai-acters  and  mode  of  production  of 
the  medicinal  scale  preparations  of  iron  ? 

234.  In  what  state  is  the  iron  in  Vimim  Ferri  Amarum,  U.  S.  P.? 

235.  What  other  form  of  Wine  of  Iron  is  official  ? 

236.  Give  equations  illustrating  the  chief  steps  in  the  ai'tificial 
production  of  the  so-called  Magnetic  Oxide  of  Iron. 

237.  How  is  precipitated  magnetic  oxide  of  iron  distinguished 
from  the  varieties  made  directly  from  the  metal? 

238.  Why  is  magnetic  oxide  of  iron  officially  directed  to  be  dried 
at  a  temperatux'e  not  exceeding  120°  Fahr? 

239.  Give  a  diagram  showing  the  formation  of  Ferric  Nitrate. 

240.  AVork  out  a  sum  showing  how  much  anhjxlrous  ferric  oxide 
will  yield,  theoretically,  one  hundred-weight  of  iron.    Ans.  160  lbs. 

241.  AVhat  are  the  properties  of  anhydrous  ferric  oxide? 

242.  Give  the  characteristic  tests  for  iron,  distinguishing  between 
ferrous  and  ferric  reactions,  and  illustrating  each  by  an  equation  or 
a  diagram : — 

a.  Sulphydrate  of  ammonium. 
h.  Ferrocyanide  of  potassium. 

c.  Ferridcyanide  of  potassium. 

d.  Caustic  alkalies. 

e.  Sulphocyanide  of  potassium. 

243.  Describe  the  action  of  ammonia  on  salts  of  iron,  aluminium, 
and  zinc  respectively. 

244.  AA^hat  precautions  must  be  used  in  testing  for  calcium  a  solu- 
tion containing  iron? 


ARSENICUM. 
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245.  IIow  is  iiKi^tnesium  detected  in  the  presence  of  zinc? 

246.  How  is  aluiiiiuiiini  detected  in  the  presence  of  magne.uum? 

247.  Draw  up  a  suhenie  for  the  analysis  of  an  aqueous  liquid  con- 
taininii  salts  of  iron,  barium,  and  potassium. 

24.S.  IIow  may  zinc,  niai;iicsium,  and  ammonium  be  consecutively 
removed  from  aqueous  solution  ? 


ARSENICUM,  ANTIMONY.  ^ 

These  elements  resemble  metals  in  a^jpearance  and  in  the  character 
of  some  of  their  compounds  ;  but  they  are  still  more  closely  allied  to 
the  non-matals,  especially  to  phosphorus  and  nitrogen.  Their  atoms 
are  quinquivalent  (As^',  Sb^'),  as  seen  in  arsenic  anhydride  (As^Oj) 
and  pentachloride  of  antimony  (SbClj),  but  usually  exert  trivalent 
activity  only  (As'",  Sb'"),  as  seen  in  the  hydrogen  and  other  com- 
pounds (ASH3,  AsCLj,  AsBr.j,  Asl^).  A  few  preparations  of  these 
elements  are  used  in  medicine ;  but  all  are  more  or  less  powerful 
poisons,  and  hence  have  considerable  toxicological  interest.  The 
iii  lide  {Arseiiii  ludidum,  U.  S.  P.)  may  be  m;ide  by  cautiously  fusing 
together  atomic  pi-oportions  of  arsenicum  and  iodine.  It  is  an 
orange-red  crystalline  solid,  soluble  in  water.  The  Liquoi-  Arsenii 
et  Hydrargyri  lodidi,  D.  S.  P.,  or  "Donovan's  Solution,"  is  made  by 
dissolving  iodide  of  arsenicum  and  red  iodide  of  mercury  in  water, 
in  the  proportion  of  1  per  cent,  of  each.  The  old  Donovan's  Solu- 
tion contained  in  each  huidounce  (wine  measure)  the  equivalents  of 
1  grain  of  white  arsenic  (As.^Oj),  2  grains  of  peroxide  of  mercury, 
and  about  7  gi-ains  of  iodine. 

Arsenicum  is  an  exception  to  the  rule  that  the  atomic  weights 
(taken  in  grains,  grammes,  or  other  weight)  of  elements,  under  sim- 
ilar circumstances  of  temperature  and  pressure,  give  equal  volumes 
of  vapor,  the  equivalent  weight  (75)  of  arsenicum  only  occupying 
half  such  a  volume.  Hence,  while  the  molecular  weights  (that  is, 
doulile  the  atomic  weights  of  oxygen  (Oj  =  32),  hydrogen  (H2  =  2), 
nitrogen  (N2  =  28),  etc.)  give  a  similar  bulk  of  vapor  at  any  given 
temperature  and  pressure,  the  double  atomic  weight  of  arsenicum 
(As2  =  I.5U),  at  the  same  tempei-ature  and  pressure,  only  affords  half 
this  bulk.  It  would  appear,  therefore,  that  the  molecule  of  arsenicum 
contains  four  atoms,  and  that  its  formula  is  As.,.  As  in  the  case  of 
sulphur,  however,  ars(;nicum,  in  the  state  ordinarily  known  to  us, 
may  hi;  abnormal,  and  a  variety  yet  be  found  in  which  the  molecular 
weight  is  <louble  (instead  of  quadruple)  the  atomic  weight. 

Vvom  observed  analogy  between  the  two  metals,  the  molecular 
constitution  of  antimony  is  probably  similar  to  that  of  arsenicum. 


ARSENICUM. 

Symbol  As.    Atomic  weight  74.9. 

finnrr.es. — Arsenical  ores  are  frequently  met  with  in  nature,  the 
coininonest  being  the  arscnio-sulphide  of  iron  (FeSAs).    This  mine- 
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ral  is  roasted  in  a  current  of  air,  the  oxygen  of  which,  combining  with 
the  arscnicuni,  forms  common  white  arsenic  (As/).,,  possibly  AsjO,J 
(Aciduvi  Arseiiiosum,  U.  S.  P.),  or  arsenious  oxide,  which  is  con- 
densed in  chambers  or  long  flues.  It  commonly  "  occurs  as  a  heavy 
white  powder,  or  in  sublimed  masses,  which  usually  present  a  strat- 
ified appearance,  caused  by  the  existence  of  separate  layers,  diifer- 
ing  from  each  other  in  degrees  of  opacity."  The  vitreous  or  amor- 
phous arsenic  is  far  more  soluble  than  the  crystalline  variety,  and 
in  other  respects  they  difler  in  properties.  Such  differences  between 
the  crystalline  and  amorphous  varieties  of  an  element  or  compound 
are  not  unfrequent :  they  have  not  yet  been  satisfactorily  explained. 
Realgar  (red  algar)  is  the  red  native  sulphide  (As.^S2),  and  orpimcnt 
auripigmenhim,  the  golden  pigment)  the  yellow  native  sulphide 
AsjSg)  of  arsenicura.  The  iodide  of  arsenicum  (Aslj)  may  be  made 
from  its  elements  or  (Babcock)  by  dissolving  white  arsenic  in  aqueous 
hydriodic  acid  and  evaporating. 

Keactions  having  (a)  Synthetical  and  (5)  Analytical 

Interest. 

(c/)  Reactions  having  Synthetical  Interest. 

Alkaline  Solution  of  Arsenic. 

First  Si/ntliPtical  Reaction. — Boil  a  grain  or  two  of  powdered 
arsenic  (As^O^)  in  water  containing  an  equal  weight  of  bicar- 
bonate of  potassium,  and,  if  necessary,  filter.  The  -solution, 
colored  with  compound  tincture  of  lavender,  and  containing  1 
per  cent,  of  arsenic,  forms  the  Liquor  Putassii  Arsenitis, 
U.  S.  P.  {Fowler's  Solution). 

Kate. — This  official  solution  does  not  generally  contain  arsenite  of 
potassium ;  for  the  arsenic  does  not  decompose  the  carbonate  of  pota.s- 
sium,  or  only  after  long  boiling.  From  concentrated  solutions  car- 
bonic acid  gas  is  more  quickly  eliminated. 

Arsenious  Acids  and  other  Arsenites. 

Arsenic  or  arsenious  anhydride  (the  so-called  arsenious  acid), 
when  dissolved  in  water,  is  said  to  yield  true  arsenious  acid  (HjAsOj) 
— the  arsenite  of  hydrogen. 

As,0;,    +    3TI2O    =  2ir,,A.s03 

Ai-sciiioiis  Wiiter.  Ai-spiiioiis 

aiiliyiiiide.  aciil. 

When  ai'senic  (As^O.,)  is  dissolved  in  excess  of  solutions  of  potash 
or  soda,  arsenites  are  formed  having  the  formulae  JvHjAsO.,  and 
Nair^AsOj.  Boiled  with  excess  of  ansenic,  one  molecule  of  these 
salts  combines  with  one  of  arsenic.  The  usual  character  of  such 
compounds  is  that  of  oily  alkaline  litpud-s.  Arsenic  fused  with  alka- 
line carbonates  yields  pyronrseniates  (NajA.<,,0;  or  II^AsjO;)  and 
metallic  arsenicum.    Arsenites  have  the  general  formula  R'jAsO.,. 
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Acid  Solution  of  Arsenic. 

Second  Sijntlietical  Reaction. — Boil  arsenic  with  dilute  hydro- 
chloric acid.  Such  a  solution  made  with  prescribed  propor- 
tions of  acid  (2  per  cent.)  and  water,  and  containing  1  per 
cent  of  arsenic  (ASjOa),  forms  the  Liquor  Acidi  Arsenimi, 
V.  S.  p.  {-De  Vuluwjiiis  Solution  contained  a  grain  and  a 
half  per  ounce.) 

Note. — No  decomposition  occurs  in  this  experiment.  The  liquid 
is  simply  a  solution  of  arsenic  in  dilute  hydrochloric  acid.  These 
two  solutions  may  be  preserved  for  analytical  operations. 

Mem. — The  practical  student  should  boil  arsenic  in  water  also, 
and  thus  have  an  acid,  alkaline,  aud  aqueous  solution  for  analytical 
comparison. 

Arsenicum. 

Third  Syntlietical  Reaction. — Place  a  grain  or  less  of  arsenic 
at  the  bottom  of  a  narrow  test-tube,  cover  it  with  about  half 
an  inch  or  an  inch  of  small  fragments  of  dry  charcoal,  and  hold 
the  tube,  nearly  horizontally,  in  a  flame,  the  mouth  being 
loosely  covered  by  the  thumb.  At  first  let  the  bottom  of  the 
tube  project  slightljr  beyond  the  flame,  so  that  the  charcoal 
may  become  nearly  red  hot ;  then  heat  the  bottom  of  the  tube. 
The  arsenic  will  sublime,  become  deoxidized  by  the  charcoal, 
carbonic  oxide  being  formed,  and  arsenicum  be  deposited  in 
the  cooler  part  of  the  tube  as  a  dark  mirror-like  incrustation. 

There  is  a  characteristic  odor,  resembling  garlic,  emitted  during 
this  operation,  probably  due  to  a  partially  oxidized  trace  of  arseni- 
cum, which  escapes  from  the  tube ;  for  arsenic  does  not  give  this 
odor ;  moreover,  arsenicum  being  a  freely  oxidizable  element,  its 
vaporous  particles  could  scarcely  exist  in  the  air  in  an  entirely 
unoxidized  state. 

Metallic  arsmirum  may  be  obtained  in  large  quantities  by  the 
al)ove  process  if  the  operation  be  conducted  in  vessels  of  commen- 
surate size.  But  performed  with  great  care,  in  narrow  tubes,  using 
not  charcoal  alone,  but  hlack  flux  (  a  mixture  of  charcoal  and  car- 
bonate of  potassium  obtained  by  heating  acid  tartrate  of  potassium 
in  a  test-tube  or  other  closed  vessel  till  no  more  fumes  are  evolved), 
the  reaction  has  considerable  analytical  intcnist,  tbe  garlic  odor  and 
the  formation  of  the  mirror-like  ring  being  highly  characteristic  of 
arsenicum.  Compounds  of  mercury  and  antimony,  however,  give 
sublimates  which  may  be  mistaken  for  arsenicum. 

Arsenic  Acid  and  other  Arseniates. 

Fourth  Synthetical  Reaction. — Boil  a  grain  or  two  of  arsenic 
with  a  few  drops  of  nitric  acid  until  red  fumes  cease  to  be 
evolved ;  evaporate  the  solution  in  a  small  dish  to  dryness,  to 
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remove  excess  of  nitric  acid;  dissolve  the  residue  in  water; 
the  jDroduct  is  Arsen'ic  acid  (H3ASO4). 

Arsenic  acid,  when  strongly  heated,  loses  the  elements  of  water, 
and  arsenic  anhydride  remains  (AS2O5). 

Arsenic  anhydride  readily  al).sorl)S  water  and  becomes  arsenic  acid 
(IIjAsO,).  Arsenic  acid  is  reduced  to  arsenious  by  the  action  of 
sulphurous  acid  II^AsO^  +  II,,SO,  =  ILjAsOj  +  H.SO,. 

Salts  analogous  to  arsenic  acid,  the  arseniate  of  hydrogen,  are 
termed  arseaUites,  and  have  the  general  formula  R'jAsO.,.  The  am- 
monium arseniate  (Am.^lIAsOJ  may  be  made  by  neutralizing  arsenic 
acid  with  ammonia.    Its  solution  in  water  forms  a  useful  reagent. 

 Arsenic  acid  is  used  as  an  oxidizing  agent  in  the  manufacture 

of  the  well-known  dye,  magenta. 

Arsenite  and  arseniate  of  sodium  are  used  in  the  cleansing  opera- 
tions of  the  calico-printer. 

Pyro arseniate  and  Arseniate  of  Sodium. 

F'-fth  Syntlietical  Reaction. — Fuse  two  or  three  grains  of 
common  white  arsenic  (As^Oa)  with  nitrate  of  sodium  (NaNO^) 
and  dried  cai'bonate  of  sodium  (Na^COa)  in  a  porcelain  cru- 
cible, and  dissolve  the  mass  in  water ;  solution  of  arseniate  of 
sodium  (Na^HAsOj)  results. 

As^O,,  +  2NaN03  +  Na.COj  =  Na.As^O,  +  N,03  +  CO, 

Arsenic.         Nitrate  of  Carbonate         Pyroavseniate       Nitrous  Carbonic 

sodium.  of  sodium.  of  sodium.        anhydride,     acid  gas. 

The  official  proportions  (B.  P.)  are  10  of  arsenic  to  8j  of  nitrate 
of  sodium  and  5j  of  dried  carbonate,  each  powdered,  the  whole  well 
mixed,  fused  in  a  crucible  at  a  red  heat  till  effervescence  ceases,  and 
the  liquid  poured  out  on  a  slab.  The  pi-oduct  is  pj'roarseniate  of 
sodium  (Na4As20j).  Dissolved  in  water,  crystallized  and"  dried,  the 
salt  has  the  formula  NajHAsO^jTHjO  {Sodii  Arseiiias,  U.  S.  P.). 

Na^AsjO^  +  loHjO  =  2(Na.,HAsOi,TILO). 

Heated  to  300°  P.  the  crystals  lose  all  water.  A  solution  of  1  part 
of  the  anhydrous  salt  (Na-^HAsO^)  in  99  of  water  forms  the  Liquor 
Sodii  Arseniatis,  D.  S.  P.  The  anh^'drous  salt  is  used  in  this 
preparation  because  the  crj^stallized  is  of  somewhat  uncertain 
composition.  Tlae  fresh  crystals  are  rejjrescntod  by  the  formula 
Na2HAs04,12H.jO  (=53.7  per  cent,  of  water):  these  soon  effloresce 
and  yield  a  stable  salt  having  the  formula  Na.JIAs04,7n.20  (=40.4 
per  cent,  of  water).  To  avoid  the  possible  employment  of  a  mix- 
ture of  these  bodies,  the  invaria))le  anhydrous  salt  is  officially  used, 
constancy  in  the  strength  of  a  powerful  preparation  lieing  thereby 
secured. 

The  student  will  find  useful  practice  in  verifying  the  above  num- 
bers representing  the  centesimal  ]u-0)>ortion  of  water  in  the  two 
arseniates  of  sodium.  This  will  rea(lily  be  accomplished  if  wlmt 
has  already  been  stated  respecting  a  symbol  representing  a  number 
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as  well  as  a  name,  and  the  remarks  concerning  a  molecular  weight, 
bo  remomberecl. 

The  shape  of  cadi  of  the  two  varieties  of  arseniate  of  sodium 
(NtuIIA.'.OiJlilLO,  and  Na.,IIAsO.„711.,0)  is  identical  with  that 
of  the  corresponding  phosphate  of  sodium  (Na2lIPOj,12Il20,  and 
Na,ni'0„7n20) ;  the  structure  of  the  molecule  of  the  12-arseniate 
is  the  same  as  that  of  the  12-phosphate,  and  the  7-arseniate  as  that 
of  the  7-phosphate :  the  two  former  are  isomorphous,  the  two  latter 
are  isomorphous.  This  is  only  one  instance  of  the  strong  analogy 
of  arsenicum  and  its  compounds  with  phosphorus  and  its  corre- 
sponding compounds.  The  preparation  and  characters  of  the  next 
substance,  arseniate  of  iron,  will  remind  the  learner  of  phosphate 
of  iron. 

Arseniate  of  Iron.  Ferrous  Arseniate. 

Sixth  Sijnfhrtical  Rcdction. — To  solution  of  arseniate  of 
sodium  add  a  little  acetate  of  sodium  and  then  solution  of 
ferrous  sulphate ;  a  precipitate  of  ferrous  arseniate  occurs 
(Fe;j2AsO,)  (Fern  Arseni.u>i,  B.  P.)'.  On  the  large  scale  4 
parts  of  dried  arseniate  and  3  of  acetate  dissolved  in  40  of 
water,  mixed  with  9  of  sulphate  in  60  of  water,  may  be  em- 
ployed. The  precipitate  should  be  collected  on  a  calico  filter, 
washed,  squeezed,  and  dried  at  a  low  temperature  (100°  F.) 
over  a  water-bath  to  avoid  excessive  oxidation. 

2Na,HAs04    +    2NaC2H;,02    +    SFeSO,    =  Fe32AsO, 

Arseniate  of  Acetjite  of  Feirous  Ferinus 

sodium.  soiliuui.  sulpliate.  arseniate. 

+    SNa^SO,    +  2llCJI,02 

Sulpliate  of  Acetic  acid, 

sodium. 

The  rise  of  the  acetate  of  sodium  is  to  insure  the  absence  of  free 
."ulphuric  acid  in  solution,  sulphate  of  sodium  being  formed  together 
with  acetic  acid.  Sulpluiric  acid  is  a  solvent  of  ferrous  arseniate ; 
acetic  acid  is  not.  It  is  impossible  to  prevent  the  separation  of  sul- 
phuric acid,  if  only  ferrous  sulphate  and  arseniate  of  sodium  be 
employed.  At  the  instant  of  precipitation  ferrous  arseniate  is 
white,  hut  rapidly  becomes  of  a  green  or  greenish-blue  color,  owing 
to  absor))tion  of  o.xygcn  and  foriuation  of  a  fcrroso-ferric  arseniate. 
It  is  a  tasteless,  amorphous  powder,  soluble  in  acids. 

The  ITi/Jrlde  and  Sulphides  of  Arsfiiicinn,  and  the  Arsenitcs 
and  Arseniafes  of  Cojyper  and  of  'Silver,  arc  mentioned  in  the 
following  analytical  paragraphs  : — • 

(i)  Reactions  having  Analytictd  Interest  (  Tests). 

First  Annhjtical  Reaction. — Repeat  the  third  synthetical  re-i 
iu-tion,  operating  on  not  more  arsenic  than  has  about  the  bulk 
"1  a  small  pin's  head,  and  using  not  charcoal  alone,  but  the 
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hhtck  flux  already  mentioned  (p.  165),  or  a  M'cll-niade  and  per- 
fectly dry  mixture  of  charcoal  and  carbonate  of  jjotassium  ob- 
tained by  heating  the  bicarbonate  of  potassium.  The  tube 
employed  should  be  a  narrow  test-tube,  or,  better,  a  tube 
(easily  made  from  glass  tubing)  having  the  following  (Ber- 
zelius's)  form  : — 

Fig.  33. 


The  arsenic  and  black  flux  are  placed  in  the  bulb  of  the  tube, 
which  is  then  heated  in  a  flame  ;  the  arsenicum  condenses  on 
the  constricted  portion  of  the  tube.  If  now  the  bulb  be  care- 
fully fused  off  in  a  flame,  the  arsenicum  may  be  chased  up  and 
down  the  narrower  part  of  the  tvibe  until  the  air  in  the  tube 
has  reoxidized  it  to  arsenious  anhydride. 

If  the  operation  has  been  performed  in  a  less  delicate  manner 
in  an  ordinary  test-tube,  cut  or  break  off  portions  of  the  tube 
containing  the  sublimate  of  arsenicum,  put  them  into  a  test- 
tube  and  heat  the  bottom  of  the  latter,  holding  it  nearly  hori- 
zontally, and  partially  covering  the  mouth  with  the  finger  or 
thumb ;  the  arsenicum  (AS4)  will  absorb  oxygen  from  the  air 
in  the  tube,  and  the  resulting  arsenious  anhydride  (As^Oj)  be 
deposited  on  the  cool  part  of  the  tube  in  brilliant  transparent, 
generally  imperfect,  octahedral  crystals. 

Mi<:ros<co2)ic  Test. — Prove  that  the  crystals  are  identical  in 
form  with  those  of  common  white  arsenic,  by  heating  a  grain 


Fig.  34.  Fig.  34a. 


A  suWimnto  of  Wliito  .\rsenic.    (Mngnified.)  A  perfect  Octnheflron. 

or  less  of  the  latter  in  another  test-tube,  examining  the  two 
sublimates  by  a  good  lens  or  compound  microscope. 

The  appearance  of  a  sublimate  of  arsenic  is  peculiar  and 
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quite  cliaracteiistic.  The  primary  form  of  each  crystal  is  an 
octahedron  (dzrw,  aktn^  eight;  k8i>a,  het/ra,  s\de)  (fig.  34a),  or, 
rarely,  a  tetrahedron,  and  in  a  sublimate  a  few  perfect  octa- 
hedra  are  generally  present.  Usually,  however,  the  crystals 
are  modifications  of  octahedra,  such  as  are  shown  in  fig.  34 — 
which  is  drawn  from  actual  sublimates. 

Second  Analytical  Reaction. — Place  a  thin  piece  of  copper, 
about  a  quarter  inch  wide  and  half  inch  long,  in  a  solution  of 
arsenic,  acidified  by  hydrochloric  acid,  and  boil  (nitric  acid 
must  not  be  present,  or  the  copper  itself  will  be  dissolved)  ; 
arsenicum  is  deposited  on  the  plate  in  a  metallic  condition,  an 
equivalent  portion  of  copper  going  into  solution.  Pour  off' the 
supernatant  liquid  from  the  copper,  wash  the  latter  once  or 
twice  with  water,  dry  the  piece  of  metal  by  holding  in  the 
fingers  and  passing  through  a  flame,  and  finally  place  it  at  the 
bottom  of  a  clean  dry  narrow  test-tube  or  a  Berzelius  tube ; 
sublime  as  described  in  the  last  reaction,  again  noticing  the 
form  of  the  resulting  crystals. 

This  is  commonly  known  as  Reinsch's  test  of  arsenicum.  The 
tube  may  be  reserved  for  subsequent  comparison  with  -an  antimonial 
sublimate  (p.  185). 

Note. — Copper  itself  frequently  contains  arsenicum,  a  fact  that 
may  not,  perhaps,  much  trouble  an  operator  so  long  as  he  is  per- 
forming experiments  in  practical  chemistry  merely  for  educational 
purposes ;  but  when  he  engages  in  the  analysis  of  bodies  of  un- 
known composition,  he  must  assure  himself  that  neither  his  appa- 
ratus nor  materials  already  contain  the  element  for  which  he  is  in 
search.  • 

The  detection  of  nrsem'rnm  in  metallic  copperf  is  best  accomplished 
by  distilling  a  mixture  of  a  few  grains  of  the  sample  with  five  or  six 
tiiiios  its  weight  of  ferric  hydrate  or  chloride  (free  from  arsenicum) 
and  excess  of  hydrochloric  acid.  The  arsenicum  is  thus  volatilized 
in  the  form  of  chloride  of  arsenicum,  and  may  be  condensed  in  water 
antl  detected  by  sulphuretted  hydrogen  (6th  Analytical  Reaction)  or 
K'iinsch's  tost.  The  ferric  chloride  solution  is,  if  necessary,  freed 
from  any  trace  of  arsenicum  by  evaporating  once  or  twice  to  dryness 
with  excess  of  hydrochloric  acid. 

Third  Analytical  Reaction :  The  hydrogen  test,  or  "  Marsh's  " 
ffxl. — Generate  hjnlrogen  in  the  usual  way  from  water  by  zinc 
and  sulphuric  acid,  a  bottle  of  about  four  or  six  ounces  capacity 
being  used,  and  a  funnel-tube  and  short  delivery-tube  passing 
th  rough  the  cork  in  the  usual  manner  (see  following  figure). 
Dry  the  escaping  hydrogen  (except  in  rough  experiments, 
when  it  is  unnecessary)  by  adapting  to  the  delivery-tube,  by  a 
pierced  cork,  a  short  piece  of  wider  tubing  filled  with  frag- 
ments of  chloride  of  calcium,  a.  To  the  opposite  end  of  the 
15 
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drying  tube  fit  a  piece  of  narrow  tubing  ten  or  twelve  inches 
long,  made  of  hard  German  glass,  and  having  its  aperture  nar- 
rowed by  drawing  out  in  the  flame  of  the  blowpipe.  When 
the  hydrogen  has  been  escaping  for  a  sufficient  number  of 
minutes,  and  at  such  a  rate  as  to  warrant  the  operator  in  con- 


Fig.  35. 


Tlie  Hydiogeii  Test  for  Aiseiiicuni. 


eluding  that  all  the  air  originally  existing  in  the  bottle  has 
been  expelled,  set  light  to  the  jet,  and  then  pour  eight  or  ten 
drops  of  the  aqueous  solution  of  arsenic,  or  three  or  four 
drops  of  the  acid  or  alkaline  solution  of  arsenic,  previously 
prepared,  into  the  funnel-tube,  washing  the  liquid  into  the 
generating-bottle  with  a  little  water.  The  ai'senic  is  at  once 
reduced  to  the  state  of  arsenicum,  and  the  latter  combines 
with  some  of  the  hydrogen  to  form  hydride  of  arsenicum  or 
arseniuretted  hydrogen  gas  (AsHg).  Immediately  hold  a  piece 
of  earthenware  or  porcelain  (the  lid  of  a  porcelain  crucible, 
if  at  hand)  in  the  hydrogen  jet  at  the  extremity  of  the  de- 
livery-tube ;  a  brown  spot  of  arsenicum  is  deposited  on  the 
porcelain.  Collect  several  of  these  spots,  and  retain  them  for 
future  conipaii.^on  with  antimonial  spots  (p.  181). 

The  separation  of  arsenicum  in  the  flame  is  due  to  the  decomposi- 
tion of  the  ai'seniuvetted  hydrogen  by  the  heat  of  combustion.  The 
cool  porcelain  at  once  condenses  the  arsenicuni^and  tlius  prevents 
its  oxidation  to  white  arsenic,  which  would  otherwise  take  place  at 
the  outer  edge  of  the  flaine. 

Hold  a  small  beaker,  r,  or  wide  test-tube  over  the  flame  for 
a  few  minutes ;  a  white  film  of  arsenic  (As-^Os)  will  be  slowly 
deposited,  and  may  be  further  examined  in  contrast  with  a 
similar  antimonial  film  (p.  181). 

During  these  experiments  the  effect  produced  by  the  arsenical 
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•vapors  on  the  color  of  the  hydrogen-flame  will  have  been  noticed ; 
they  give  it  a  dull  livid  tint.    This  is  charaoteristic. 

Apply  the  flame  of  a  gas-lamp  to  the  middle  of  the  hard 
delivery-tube,  d ;  the  arseniuretted  hydrogen,  as  before,  is  de- 
composed by  the  heat,  but  the  liberated  arsenicum  (Asa)  imme- 
diately condenses  in  the  cool  part  of  the  tube  beyond  the  flame, 
forming  a  dark  metallic  mirror.  The  tube  may  be  removed  and 
kept  for  comparison  with  the  antimonial  deposit. 

Note  I. — Zinc,  like  copper,  frequently  Itself  contains  arsenicum. 
When  a  specimen  free  from  arsenicum  is  met  with,  it  should  be 
reserved  for  analytical  experiments,  or  a  quantity  of  guaranteed 
purity  should  be  purchased  of  the  chemical-apparatus  maker.  Sul- 
phuric acid  is  more  easily  obtained  free  from  arsenic. 

Note  II. — In  delicate  and  important  applications  of  Marsh's  test, 
magnesium  may  be  substituted  for  zinc  with  safety,  as  arsenicum 
has  not  yet  been,  and  is  not  likely  to  be,  found  in  magnesium. 
Magnesium  in  rods  is  convenient  for  this  purpose,  and  may  be 
obtained  from  most  dealers  in  chemicals. 

Note  III. — Sulphuric  acid,  which  is  often  used  for  drying  gases, 
decomposes  arseniuretted  hydrogen.  Chloride  of  calcium  'is  there- 
fore the  appropriate  desiccating  agent  for  this  gas. 

Fourth  Annli/tical  Reaction:  Fleitmnmis  text. — Generate 
hydrogen  by  heating  in  a  test-tube  to  near  the  boiling-point  a 
strong  solution  of  caustic  soda  or  potash  and  some  pieces  of 
zinc  (or  aluminium). 

(Zn  -f-  2NaH0  =  H,  -f  Na^ZnO,— zincate  of  sodium.) 

Add  a  drop  of  arsenical  solution,  and  spread  over  tlie  mouth 
of  the  tube  a  cap  of  filter-paper  moistened  with  one  drop  of 
solution  of  nitrate  of  silver.  Again  heat  the  tube,  taking 
care  that  the  liquid  itself  shall  not  spirt  up  on  to  the  cap.  A 
plug  of  cotton-wool  may  even  be  placed  in  the  mouth  of  the 
test-tube  to  prevent  this  spirting  (Senier).  The  arsenic  is  re- 
duced to  arsenicum,  the  latter  uniting  with  the  hydrogen  as  in 
Marsh's  test;  and  the  arseniuretted  hydrogen  passing  up 
through  the  cap  reacts  on  the  nitrate  of  silver,  causing  the 
production  of  a  purplish-black  spot. 

AsH,  -f  3H,0  +  6AgN0a  =  H.^AsO.  +  6HNO3  +  3Ag.,. 

Note  I. — This  reaction  is  particularly  valuable,  enabling  the  ana- 
lyst to  quickly  distinguish  arsenicum  in  the  presence  of  its  sister 
element  antinumy,  which,  although  it  combines  with  the  hydrogen 
evolved  from  dilute  acid  and  zinc,  does  not  combine  with  the  hydro- 
gen evolved  from  solution  of  alkali  and  zinc,  and  therefore  does  riot 
give  the  effect  just  described. 

Note  II. — Aluminium  answers  as  w('ll  as  zinc  for  Floitmann's  test 
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(Gatehouse),  or  magnesium  may  be  used ;  or  instead  of  zinc  and 
alkali,  weak  sodium  amalgam  may  be  employed  (Davy). 

Fifth  Analytical  Reaction. — To  a  solution  of  chloride  of  tin 
in  strong  hydrochloric  acid  add  a  very  small  quantity  of  any 
arsenical  solution.  Arsenicum  then  separates,  especially  on 
the  application  of  heat,  giving  the  mixture  a  yellowLsh  and  then 
brownish  hue  or  grayish-brown  turbidity,  or  even  a  sediment 
of  gray-brown  flocks,  according  to  the  amount  present.  Much 
water  prevents  the  reaction  ,  its  presence,  therefore,  must  be 
avoided  as  far  as  possible ;  indeed  a  liquid  saturated  by  hy- 
drochloric acid  gas  gives  best  results.  Arsenic  in  sulphuric  or 
hydrochloric  acid  or  in  tartar  emetic,  etc.,  may  be  detected  by 
this  method.  Nitrates,  such  as  subnitrate  of  bismuth,  must 
first  be  heated  with  sulphuric  acid  to  remove  the  nitric  radical 
before  applying  this  reduction  test  for  arsenicum.  The  stan- 
nous is  converted  to  stannic  salt  during  the  reaction. 


Distinction  between  Arsenious  and  Arsenic  combinations. — The 
above  tests  are  those  of  arsenicum,  whether  existing  in  the  arsen- 
ious or  arsenic  condition,  though  from  the  latter  the  element  is  not 
generally  elinainated  so  quickly  as  from  the  former.  Of  the  fol- 
lowing reactions,  that  with  nitrate  of  silver  at  once  distinguishes 
arsenious  acid  and  other  arsenites  from  arsenic  acid  and  other 
arseniates. 

Mem. — The  exact  nature  of  all  these  analj'tical  reactions  will  be 
more  fully  evident  if  traced  out  by  diagrams  or  equations. 


Sixth  Analytical,  Reaction. — Through  an  acidified  solution 
of  arsenic  pass  sulphuretted  hydrogen;  a  yellow  precipitate  of 
sulphide  of  arsenicum  or  arsenious  sulphide  (AsjS;,)  quickly 
falls.  Add  an  alkaline  hydrate  or  sulphydrate  to  a  portion  of 
the  precipitate;  it  readily  dissolves.  The  precipitate  conse- 
quently would  not  be  obtained  on  passing  sulphuretted  hydro- 
gen through  an  alkaline  solution  of  arsenic.  To  another  por- 
tion of  the  precipitate,  well  drained,  add  sitrong  hydrochloric 
acid ;  it  is  insoluble,  unlike  sulphide  of  antimony.  Neither 
sulphide  is  soluble  in  the  roeak  acid. 

Note  I. — Cadmium  also  affords  a  yellow  sulphide  in  an  acid  ."solu- 
tion by  action  of  sulphuretted  hydrogen,  but  this  sulphide  is  insol- 
uble in  alkaline  liquids.  Under  certain  circumstances,  tin,  too, 
yields  a  vellow  sulphide ;  but  tin  is  otherwise  easily  distinguished 
{vide  Tin). 

Note  II. — A  trace  of  sulphide  of  arsenicum  is  sometimes  mot  with 
in  sulphur  (distilled  from  arsenical  pyrites).    It  may  be  detected  by 
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dijfeshng  the  sulphur  in  solution  of  ammonia,  filtering,  and  evaporat- 
inir  todrvness;  a  yellow  residue  of  sulphide  of  arsenieum  is  obtained 
if  that  suhstauee  be  present. 

Sfvi'iifk  Analytical  Reactum. — Through  an  acidified  solution 
of  arsenic  acid,  or  any  other  arscniate,  pass  sulphuretted  hy- 
drogen ;  the  arsenic  compound  is  gradually  reduced  to  the 
arsenious  and  a  yellow  precipitate  of  arsenious  sulphide  and 
sulphur  (As^Sj  +  slowly  falls,  soluble  in  alkaline  hydrates 
and  sulphydrates. 

Chemical  Analogy  of  Sulphur  and  Oxyc/en. — The  solubility  of  ar- 
senious and  arsenic  sulphide  in  alkaline  solutions  is  good  evidence 
of  the  close  chemical  analogy  between  them  and  the  corresponding 
oxygen  compounds  of  arsenieum.  The  potassium  arsenite  and  sulph- 
arsenite,  arseniate  and  sulph-arseniate,  have  the  composition  repre- 
sented by  the  following  formulze  ■ — 

KjAsO.,  KjAsO^ 
KjAsS,  KgAsS^ ; 

and  the  corresponding  ammonium  and  sodium  salts  have  a  similar 
composition  • — 

6AmHS  +  AS2S3  =  2Am3AsS3  +  3H.,S 
6AmHS  H-  AS2S5  =  2Am3AsS,  +  SH^S. 

Eu/hth  Audlyticnl  Reaction. — To  an  aqueous  solution  of 
arsenic  add  two  or  three  drops  of  solution  of  sulphate  of.  cop- 
per, and  then  cautiously  add  diluted  solution  of  ammonia,  drop 
by  drop,  until  a  green  precipitate  is  obtained.  The  production 
of  this  precipitate  is  characteristic  of  arsenieum.  To  a  por- 
tion of  the  mixture  add  an  acid ;  the  precipitate  dissolves.  To 
another  portion  add  alkali :  the  precipitate  dissolves.  These 
two  experiments  show  the  advantage  of  testing  a  suspected 
arsenical  solution  by  litmus-paper  before  applying  this  reaction,; 
if  acid,  cautiously  adding  alkali,  if  alkaline,  adding  acid,  tilb 
neutrality  is  obtained.  (Or  a  special  copper  reagent  may  be 
used  ;  see  a  note  to  the  Eleventh  Analytical  Reaction,  Lelow)^ 

The  precipitate  is  arsenite  of  copper  (Cu''''HAs03)  or  Scheele\i 
Green.  More  or  less  pure,  or  mixed  with  acetate  or,  occasionally, 
carbonate  of  copper,  it  is  very  largely  used  as  a  pigment  under 
many  names,  such  as  Brunswick  Green  and  Schweinfurth  Green, 
by  painters,  paper-stainers,  and  others. 

Ninth  A)i(ih/tlcal  Reaction. — Apply  the  test  just  described 
to  a  solution  of  arsenic  acid  or  other  arseniate ;  a  somewhat 
similar  precipitate  of  arseniate  of  copper  is  obtained. 

Tenth  Analytical  /^«r/r^/r>».— Repeat  the  eighth  reaction, 
sul)stituting  nitrate  of  silver  for  sulphate  of  copper  ;  in  this 
15  » 
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case  yellow  arsenite  of  silver  (AgjAsOa)  falls,  also  soluble  in 
acids  and  alkalies. 

Eleventh  Avali/tical  Reactioiu — Apply  the  test  to  a  solution 
of  arsenic  acid  or  other  arseniate  ;  a  r  /iwo^a/e-colored  precipi- 
tate of  arseniate  of  silver  (Ag;|As04)  falls. 

This  reaction  may  be  utilized  for  the  detection  of  arsenic  when 
occurring  in  ores  and  other  substances  as  ordered  by  the  U.  S.  Phar- 
macopoeia in  the  case  of  Anii.monii  Sidphidum  Pnrificatum : 

"  If  2  gm.  of  the  salt  be  mixed  and  cautiously  ignited,  in  a  por- 
celain crucible,  with  S  gm.  of  pure  nitrate  of  sodium,  and  the  fused 
mass  boiled  with  25  gm.of  water,  there  will  remain  a  residue  which 
should  be  white,  or  nearly  so,  and  not  yellowish  nor  brownish  (abs. 
of  other  metallic  sulphides).  On  boiling  the  filtrate  with  an  excess 
of  nitric  acid,  until  no  more  nitrous  vapors  are  evolved,  then  dis- 
solving in  it  0.1  gm.  of  nitrate  of  silver,  filtering  again,  if  neces- 
sary, and  cautiously  pouring  a  few  drops  of  water  of  ammonia  on 
top,  not  more  than  a  white  cloud,  but  no  red  nor  reddish  precipitate, 
should  appear  at  the  line  of  contact  of  the  two  liquids  (abs.  of  more 
than  traces  of  arsenic)." 

Copper  and  Silver  Reagents  for  Arsenicum. — The  last  four  reac- 
tions may  be  performed  with  increased  delicacy  and  certainty  of 
result  if  the  copper  and  silver  reagents  be  previously  prepared  in 
the  following  manner :  To  solution  of  pure  sulphate  of  copper  (about 
1  part  in  20  of  water)  add  ammonia  until  the  blue  precipitate  at  first 
formed  is  nearly  but  not  quite  redissolved ;  filter  and  preserve  the 
liquid  as  an  arsenicum  reagent,  labelling  it  solution  of  Cimmonio-sul- 
phate  of  coppe)'  (B.  P.).  Treat  solution  of  nitrate  of  silver  (about 
1  part  in  40)  in  the  same  way,  and  label  it  solution  of  amnionio- 
nitrate  of  silver  (B.  P.).  The  composition  of  these  two  salts  will  be 
referred  to  subsequently.  ,^ 

Arsenious  and  Arsenic  Compounds. — While  many  reagents  may 
be  used  for  the  detection  of  arsenicum,  only  nitrate  of  silver,  as 
already  stated,  will  readily  indicate  in  which  state  of  oxidation  the 
arsenicum  exists ;  for  the  two  sulphides  and  the  two  copper  precip- 
itates, though  differing  in  composition,  resemble  each  other  in  ap- 
pearance, whereas  the  two  silver  precipitates  differ  in  color  as  well 
as  in  composition. 

Soluble  arseniates  also  give  insoluble  arseniates  with  solutions  of 
salts  of  barium,  calcium,  zinc,  and  some  other  metals. 

In  group-testing,  arsenicum,  if  existing  as  arsenic  acid  or  other 
arseniate,  is  not  readily  affected  by  such  tests  as  sulphuretted  hydro- 
gen or  even  hydrogen  itself.  Hence,  if  its  presence  in  that  state  is 
suspected,  the  liquid  under  analysis  should  be  warmed  witli  a  little 
sulphurous  acid  or  oxalic  acid,  and  then  tested  with  sulphuretted 
hydrogen. 

Antidote. — In  cases  of  poisoning  by  arsenic  or  arsenical  prep- 
arations, the  most  eflFective  antidote  is  recently  precipitated 
moist  ferric  hydrate  {Frrri  Oxidum  Hydmtum,  U.  S.  P.).  It 
is  perhaps  best  administered  in  the  form  of  a  mixture  or  so- 
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lution  of  ferric  sulphate  (Liquor  Ferri  TersnljjJiu/i^,  U.  S.  P.) 
or  percliloride  of  iron  (Liquur  or  Tmctiirci)  with  carbonate  of 
sodium — two  or  three  ounces  of  the  former  to  about  one  ounce 
of  the  crystals  of  the  latter.  Instead  of  the  carbonate  of  so- 
dium, about  a  quarter  of  an  ounce  of  calcined  magnesia  may 
be  used.  (See  Ffrr!  Oxidam  IJijdratam  cum  Magnesia^  U.  S. 
P.,  page  148.)  These  quantities  will  render  at  least  10  grains 
of  arsenic  insoluble.  Emetics  should  also  be  given,  and  the 
stomtich-puiup  applied  as  quickly  as  possible. 

The  above  statements  regai'ding  the  antidote  for  arsenic  may  he 
verified  by  mixing  the  various  substances  together,  filtering,  and 
proving  the  absence  of  ai-senicum  in  the  filtrate  by  applying  some 
of  the  foregoing  tests. 

Mode  of  Action  of  tlie  Antidote. — The  action  of  the  carbonate  of 
sodium  or  the  magnesia  is  to  precipitate  ferric  hydrate  (FejGHO) — 
chloride  of  sodium  (NaCl)  or  magnesium  (MgClj)  being  formed, 
which  are  harmless,  if  not  beneficial,  under  the  circumstances. 
The  reaction  between  the  ferric  hydrate  and  the  arsenic  results  in 
the  formation  of  insoluble  ferrous  arseniate. 

2(Fe,fiH0)  +  As,0.,  =  Fe.,2AsO,  +  5H,0  +  re2H0 

Fen'ic  Arsuuio.  Ferrous  Wiitcr.  Ferrous 

liyJrate.  ai-seuiate.  hydrate. 

The  so-called  Solution  of  Dialyzed  Iron  (see  Index)  is  also,  as 
might  be  expected  from  its  composition,  an  antidote  to  arsenic.  It 
should  be  administered  with  a  little  Vjicarbonate  of  either  sodium  or 
potassium,  or  with  magnesia,  or  with  any  other  salt  which  serves  to 
neutralize  any  acid  that  may  be  present. 


QUESTIONS  AND  EXERCISES. 

249.  What  is  the  formula  of  a  molecule  of  arsenicum  ? 

250.  In  what  form  docs  arsenicum  occur  in  nature? 

251.  Describe  the  characters  of  white  arsenic. 

252.  Name  the  official  preparations  of  arsenicum. 

253.  What  projjortion  of  arsenic  (yVs^O.,)  is  contained  in  Liquor 
Potmsii  Arsenitis,  U.  S.  P.,  and  in  Liquor  Acidi  Arsenioni,  U.  S.  P.? 

254.  By  what  method  may  arsenic  be  reduced  to  arsenicum? 

255.  Give  the  formula!  of  arsenious  and  arsenic  acids  and  anhy- 
drides. 

25fi.  Explain,  l)y  diaiirams,  the  reactions  which  occur  in  convert- 
ing arsenic  into  Arseniate  of  Sodium  by  the  process  of  the  British 
Phannacopccia. 

257.  Why  is  anhydrous  instead  of  crystallized  arseniate  of  sodium 
employed  in  the  preparation  of  Liquor  Sodii  Arscuirdis,  U.  S.  P.? 

2.58.  In  the  preparation  of  Arseniate  of  Iron  from  ferrous  sulphate 
and  arseniate  of  sodium,  why  is  acetate  oC  sodium  included? 
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259.  Describe  the  manipulations  necessai-y  to  obtain  ai'senic  in  its 
characteristic  crystalline  t'orni. 

260.  How  is  Reinsch's  test  for  arsenicum  applied,  and  under  what 
circumstances  may  its  indications  be  fallacious? 

2B1.  Give  the  details  of  Marsh's  test  for  arsenicum,  and  the  pre- 
cautions to  be  observed  in  its  performance.  Explain  the  reactions 
by  diagrams? 

262.  What  peculiar  value  has  Fleitmann's  test  for  arsenicum  ? 

263.  Describe  the  conditions  under  which  sulphuretted  hydrogen 
becomes  a  trustworthy  test  for  arsenicum  ? 

26-t.  How  may  a  trace  of  sulphide  of  arsenicum  be  detected  in 
sulphur  ? 

265.  How  are  the  salts  of  copper  and  silver  applied  as  reagents 
for  the  detection  of  arsenicum  ? 

266.  How  are  arsenites  distinguished  from  arseniates? 

267.  Mention  the  best  antidote  in  cases  of  poisoning  by  arsenic, 
explain  the  process  by  which  it  may  be  most  quickly  prepared,  and 
describe  its  action. 

268.  Do  you  know  of  any  other  antidote  to  arsenic?  If  .so,  de-- 
scribe  the  mode  of  administration. 


ANTIMONY. 

Symbol  Sb  (Stibium).    Atomic  weight  120. 

Sources  and  Uses. — Antimony  occurs  in  nature  chiefly  as  sulphide, 
SbjSj.  The  crude  or  black  anfimoni/  of  pharmacy  is  this  native  sul- 
phide freed  from  impurities  by  fusion  ;  it  has  a  striated,  crystalline, 
lustrous  fracture  ;  subsequently  powdered  it  forms  the  grayish-black, 
crystalline  Antimonii  SuljjJiidum,  U.  S.  P.  When  this  powder  is 
washed  with  solution  of  ammonia  to  remove  any  traces  of  sulphide 
of  arsenicum  and  dried,  it  forms  the  Antimonii  Sidphidum  Purijica- 
tiim,  U.  S.  P.  The  metal  is  olitained  from  the  sulphide  by  roasting, 
the  resulting  oxide  being  reduced  with  charcoal  and  carbonate  of 
sodium.  Metallic  antimony  is  an  important  constituent  of  Tt/pe- 
mcial,  Britannia  metal  (tea  and  coffee  pots,  spoons,  etc.),  and  the 
best  varieties  of  Pewter.  The  old  pocida  emetica,  or  everlasting 
emetic  cups,  were  made  of  antimony  ;  wine  kept  in  them  for  a  day 
or  two  acquired  a  variable  amount  of  emetic  quality.  The  metal  is 
not  used  in  making  the  antimonial  preparations  of  the  Pharmaco- 
poeia, the  sulphide  alone  being,  directly  or  indirectly,  employed  for 
this  purpose. 

Antimony  has  very  close  chemical  analogies  with  arsenicum.  Its 
atom,  in  the  common  salts,  exerts  trivalent  activity  {c.  </.,  SbClj), 
but  sometimes  it  is  quinquivalent  {e.  g.,  SbClj). 

Antimony,  like  arsenicum,  unites  with  iodine  to  form  a  tri-iodide 
(Sblj).    A  bromide  (SbBr.j)  is  also  known. 
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lleactions  having  (u)  synthetical  and  (6)  analytical 

Interest. 

(a)  Reactions  having  Synthetical  Interest. 

Chloride  of  Antimony.   Antimonious  Chloride. 

Firi^t  Sj/iit/tcfiail  Reaction. — Boil  half  an  ounce  or  less  of 
sulphide  of  antimony  with  four  or  five  times  its  weight  of 
hydrochloric  acid  in  a  dish  in  a  fume-chamber  or  in  the  open 
air ;  sulphuretted  hydrogen  is  evolved,  and  solution  of  chloride 
of  antimony,  SbCla,  is  obtained. 

SbA    +    6HC1    =    2SbC]3    +  3H,S 

Sulphide  of        Hydrochloric         Cliloi  ide  of         Snlpliui  etted 
antimony.  acid.  antimony.  hydrogen. 

This  sohition,  cleaved  by  subsidence,  is  what  is  commonly  known 
as  Butter  of  antimony  {Liquor  Antimonii  CIdoridi,  B.  P.).  If  pure 
sidphide  has  been  used  in  its  preparation,  tiie  liquid  is  nearly  color- 
li'ss ;  but  much  of  that  met  with  in  veterinary  pharmacy  is  simply 
a  liy-product  in  the  generation  of  sulphuretted  hydrogen  from  native 
sulphide  of  antimony  and  hydrochloric  acid,  and  is  more  or  less 
brown  from  the  presence  of  chloride  of  iron.  It  not  unfrequently 
darkens  in  color  on  keeping ;  this  is  due  to  absorption  of  oxygen 
from  the  air  and  conversion  of  light-colored  ferrous  into  dark-brown 
ferric  chloride  or  oxychloride. 

True  hutte)-  of  antimoni/  (SbCl,)  is  obtained  on  evaporating  the 
above  solution  to  a  low  bulk,  and  distilling  the  residue.  The  butter 
condenses  (as  a  white  crystalline  semi-transparent  mass  in  the  neck 
of  the  retort) ;  at  the  close  of  the  operation  it  may  be  easily  melted 
and  run  down  in  a  bottle,  which  should  be  subsequently  well  stop- 
pered. 

Pentaeldoride  of  antimony  (SbClj),  or  antimonic  chloride,  is  a 
fuming  liquid,  obtained  on  passing  chlorine  over  the  lower  chloride. 

Oxychloride  of  Antimony.   Antimonious  Oxychloride. 

Second  Synthetical  Reaction. — Pour  the  solution  of  chloride 
of  antimony  produced  in  the  last  reaction  into  several  ounces 
of  water ;  a  white  precipitate  of  oxychloride  of  antimony 
(2SbCI,i,5Sb.^O:,)  falls,  some  chloride  of  antimony  remaining  in 
the  supernatant  acid  licjuid. 

Thi.s  is  the  old  pid.ms  Alr/arothi,  puJvi.'i  angelicns,  or  mercuriu^ 
ritte.    On  standing  luider  water  it  gradually  becomes  crystalline. 

I2SbCI.,    -f    1.511,0   =    2SbCf„.'jSb20g    +    30HC1  " 

Chloride  of  Water.  Oxychloride  of  Hydrochloric 

antimony.  antimony.  acid. 

Oxide  of  Antimony.   Antimonious  Oxide. 

Well  wash  the  precipitate  with  water,  by  dccantation  (vide 
p.  K'H),  and  add  .solution  of  carbonate  of  sodium  ;  the  chloride 
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remaining  with  the  oxide  is  thus  decomposed,  and  oxide  of 
antimony  (Sb^Oa)  alone  remains.  This  is  Anthnonii  Oxiduin, 
U.  S.  P.  It  is  of  a  light  buff  or  grayish-white  color,  or  quite 
white  if  absolutely  free  from  iron,  insoluble  in  water,  soluble 
in  hydrochloric  acid,  fusible  at  a  low  red  heat.  The  moist 
oxide  of  antimony  may  be  well  washed  and  employed  for  the 
next  reaction,  or  dried  over  a  water-bath.  At  temperatures 
above  212°  oxygen  is  absorbed,  and  other  oxides  of  antimony 
formed.  The  presence  of  the  latter  is  detected  on  boiling  the 
powder  in  solution  of  acid  tartrate  of  potassium,  in  which 
oxide  of  antimony  (Sb;iOa)  is  soluble,  but  antimonic  unliydride 
(Sb.^Oj)  and  the  double  oxide  or  so-called  antimonious  anhydride 
(SbiOg)  are  insoluble. 

2SbCl3,5Sb.A  +  3Na,C0;,  =  6SbA  +  6NaCl  +  SCO, 

Oxycliloride  of  Carbonate  of         Oxide  of         Cliloride  of  Carbonic 

antimony.  sodium.  antimony.  sodium.        acid  gas. 

The  higher  oxide  of  antimony  (Sb^Oj),  termed  antimonic  oxide 
or  anhydride,  corresponding  with  arsenic  anlmlri  le,  is  obtained  on 
decomposing  the  pentachloride  by  water,  or  on  boiling  metallic  anti- 
mony with  nitric  acid.  The  variety  obtained  from  the  chloride  differs 
in  saturating  power  from  that  obtained  from  the  metal,  and  is  termed 
metantimonic  (,uE-a,  meta^  beyond). 

Tartar  Emetic. 

Third  St/nthet!.cnl  Reaclion. — Mix  the  moist  oxide  of  anti- 
mony obtained  in  the  previous  reaction  with  about  an  equal 
quantity  of  cream  of  tartar  (6  of  the  latter  to  5  of  the  dry 
oxide)  and  sufficient  water  to  form  a  paste ;  set  aside  for  a  day 
to  facilitate  complete  combination  ;  boil  the  product  with  water, 
and  filter ;  the  resulting  liquid  contains  the  double  tartrate  of 
antimony  and  potassium  (KSbC4H407),  potassio-tartrate  of 
antimony,  tartrated  antimony,  or  tartar  emetic  (emetic,  from 
kij.lui,  oridv,  I  vomit ;  tartar,  from  Taprapoq,  kirtaros,  see  Index). 

2KHC,HA  +  Sb.,0.,  =  2KSbC,H40;  +  H,0 

Acid  tartrate  of         Oxido  of  Tartar  emetic.  Water, 

potassium.  antimony. 

On  evaporation  the  salt  is  obtained  in  colorless  ti'ansparent 
triangular-faced  crystals  of  the  above  composition,  with  a  mole- 
cule of  water  of  crystallization,  forming  the  Aiitimonii  et  Po- 
tasdi  Tarlras,  U.  S.'P.,  2KSbOC,H,0„,H,0. 

The  formula  for  tartar  emetic  is  apparently  inconsistent  with 
the  general  formula  for  tartrates  (R'R'CiHiO,;) ;  this  will  be 
subsequently  fully  explained  in  connection  with  Tartaric  Acid. 
The  salt  appears  to  be  an  oxytartrate  (KSbCiH^OeO). 

Tartar  emetic  is  soluble  in  water,  and  slightly  .so  in  proof- 
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spirit.  Dissolved  in  slierry  wine  it  forms  the  official  Viitum 
Antimonii,  U.  S.  P. 

Sulphurated  Antimony.   Oxysulphide  of  Antimony. 

Fourth  Si/nfhelical  Reaction. — Boil  a  few  grains  of  sulphide 
of  antimony  with  solution  of  soda  in  a  test-tube,  and  filter  (or 
larger  quantities  in  larger  vessels,  1  part  of  sulphide  to  12  of 
soda,  and  30  of  water  for  2  hours,  frequently  stirring,  and 
occasionally  replacing  water  lost  by  evaporation).  Into  the 
filtrate,  before  cool,  stir  diluted  sulphuric  acid  until  the  liquid 
is  slightly  acid  to  test-paper ;  a  brownish-red  precipitate  of 
o.\ysulphide  of  antimony,  Antimoninm  Sulphurntum,  U.  S.  P., 
falls;  filter,  wash,  and  dry  over  a  water-bath.  It  is  a  mixture 
of  sulphide  of  antimony  (Sb^jSa)  with  a  small  and  variable 
amount  of  oxide  (Sb.jO:!).  The  oxide  results  from  the  double 
decomposition  of  sulphide  of  antimony  and  soda. 

If  a  small  quantity  of  sulphur  be  boiled  with  the  sulphide 
of  antimony  in  solution  of  soda,  the  precipitate  on  addition  of 
sulphuric  acid  will  have  a  much  brighter  color,  chiefly  on 
account  of  the  presence  of  a  higher  sulphide  having  a  yellow 
color  (Sb.Sj). 

These  are  some  of  the  many  varieties  of  mineral  kermes,  so  called 
from  their  similarity  in  color  to  the  insect  kermes.  Kermes  is  the 
name,  now  obsolete,  of  the  Coccus  Ilicis,  a  sort  of  cochineal  insect, 
full  of  reddish  juice,  and  used  for  dyeing  from  the  earliest  times. 
The  color  of  the  precipitate  is  affected  by  the  temperature  as  well  as 
state  of  dilution  of  the  alkaline  liquid  when  the  acid  is  added.  When 
the  alkaline  liquid  is  boiled,  especially  if  long  exposed  to  air,  oxygen 
is  absorbed  by  some  of  the  antimony,  whose  sulphur  uniting  with 
the  trisulphate  forms  a  portion  of  the  lighter  yellow  pentasulphide. 
Kermes  mineral  thus  varies  much  in  proportion  of  oxide  and  of  penta- 
sulphide as  well  as  in  the  physical  condition  of  its  trisulphide. 

kxpldnation  of  Process. — The  sulphides  and  oxides  of  antimony, 
like  tiiose  of  arsenicum,  react  with  the  sulphides  and  oxides  of  cer- 
tain metals  to  form  soluble  salts  (Na.jSbS.,  and  NajSbO.,).  The  for- 
mer is  depo.-iited  in  yellow  tetrahedral  crystals  when  such  an  alkaline 
solution  is  set  aside  to  slowly  cool. 

2Sh,S3    +    6i\aI10    =    2Na,SbS3    -f    Sb^O^  -|-3IT,0 

Snipliiile  of  Soda.  Sulpli-aiitinioiiite         Oxide  of  Wutor. 

antimony.  of  aodium.  antimony. 

S1).A    +    6NaH0  2Na;,SbO.,    -f  3TI,p 

Oxide  of  Soda.  Antimonite  Watwr. 

antimony.  of  sodium. 

Tn  the  hot  solutions  of  these  salts  sulpliide  and  oxide  of  antimony 
are  sohilile,  and  are  reprccipitated  in  an  indefinite  state  of  combina- 
tiiin,  partially  on  cooling,  or  wholly  on  the  addition  of  acid.  The 
acid  also  decomposes  the  oxysalt  with  precipitation  of  oxide,  and  the 
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sulphur  salt  with  precipitation  of  orange  sulphide  of  antimony. 
The  acid  is  added  to  the  liquid  before  much  oxysulphide  has  depos- 
ited (that  is,  before  the  solution  is  cool),  in  order  to  insure  uniform- 
ity of  product. 


2Na,SbS,    +  SH.SO^  = 

Sulph-antimdiiite  .  Sulphuric 

of  sociiuni.  acid. 

2Na.,Sb03  +  3H.,S04  = 

Antiinonite  of  Sulphuric 

sodium.  acid. 


3Na^S0,  +   Sb,S3    +  3n.,S 

Sulpliate  of        Sulphide  of  Sulphuretted 
sodium.  antiUiony.  lijdrogen. 

3Na,S0,  +   Sb.,0,    +  SII^O 

Sulphate  of  0.\ide  of  Water, 

sodiuui.  antimonj'. 


The  oxide  and  sulphide  indicated  in  these  equations,  together  with 
excess  of  sulphide  of  antimony  originally  dissolved  by  the  alkaline 
liquid,  are  all  precipitated  when  the  acid  is  added,  and  form  the  Siil- 
2}hurated  Antimony  of  the  Pharmacopoeia,  a  reddish-brown  powder, 
readily  dissolved  by  caustic  soda,  also  by  hydrochloric  acid,  with  the 
evolution  of  sulphuretted  hydrogen  and  the  separation  of  a  little 
sulphur.  Its  antimony  is  detected  by  dissolving  the  powder  in 
hydrochloric  acid  or  in  solution  of  acid  tartrate  of  potassium,  and 
passing  sulphuretted  hydrogen  through  the  liquid,  as  described  in 
the  first  analytical  reaction. 


The  previous  four  synthetical  reactions  illustrate  the  official  pro- 
cesses for  the  respective  substances.  The  solution  of  chloride  of 
antimony  is  only  used  in  the  preparation  of  oxide ;  the  oxide,  be- 
sides its  use  in  the  preparation  of  tartar  emetic,  is  mixed  with  twice 
its  weight  of  phosphate  of  calcium  (purified  bone-earth)  to  form 
Pulvis  Antimonialis,  U.  S.  P.,  or  '^James^s  Powder.'''' 

The  sidpJiides  and  hi/dride  of  antimony  are  incidentally  mentioned 
in  the  following  analytical  paragraphs. 

(h)  Reaction  having  Anahjtic.nl  Interest  (^Tes/s). 

First  Analytical  Reaction. — Througli  an  acidified  antimonial 
solution  pass  sulphuretted  hydrogen  ;  an  orange  precipitate  of 
amorphous  sulphide  of  antimony  falls.  It  has  the  same  com- 
position as  the  crystalline  black  sulphide  (SbjS:,),  into  which, 
indeed,  when  dried,  it  is  quickly  converted  by  heat.  Like  sul- 
phide of  arsenicum,  it  is  soluble  in  alkaline  solutions.  Collect 
a  portion  on  a  filter,  and,  when  well  drained,  add  strong  hydro- 
chloric acid ;  it  dissolves — unlike  sulphide  of  arsenicum. 

A  higher  sulphide  of  antimony  (SbjSj),  corresponding  to  the 
higher  sulphide  of  arsenicum,  exists.  It  is  formed  on  passing 
sulphuretted  hydrogen  through  an  acidified  solution  of  the 
higher  chloride  (SbCls),  or  on  boiling  black  sulphide  of  anti- 
mony and  sulphur  with  an  alkali,  and  decomposing  the  result- 
ing filtered  liquid  by  an  acid. 

Note. — The  arsenious  and  antimonious  compounds  are  those  chiefly 
employed  in  medicine ;  arseniatos  of  sodium  and  iron  arc,  however, 
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sometimes  employed.  The  arseniates  and  rarely  an  antimoniate  are 
usi'fiil  in  analysis,  and  the  antiinonio  chloride  in  chemical  research. 
The  hi<rhcr  compounds  of  both  elements  are  noticed  here  chiefly  to 
draw  attention  to  the  close  analogy  existing  between  arsenicum  and 
antimony,  an  analogy  carried  out  in  the  numerous  other  compounds 
of  these  elements. 

Second  Awih/fiml  Reactinn. — Dilute  two  or  three  drops  of 
the  solution  of  chloride  of  antimony  with  water  ;  a  precipitate 
of  oxyehloride  occurs,  the  formation  of  which  has  been  ex- 
plained under  the  similar  synthetical  reaction.  The  occurrence 
of  this  precipitate  distinguishes  antimony  from  arsenicum,  but 
is  a  reaction  that  cannot  be  fully  relied  upon  in  analysis,  be- 
cause requiring  the  presence  of  too  much  material  and  the  ob- 
servance of  too  many  conditions.  Add  a  sufficient  quantity  of 
hydrochloric  acid  to  dissolve  the  precipitate,  and  boil  a  piece 
of  copper  in  the  solution,  as  directed  in^the  corresponding  test 
for  arsenicum  (^vide  page  169);  antimony  is  deposited  on  the 
copper.  Wash,  dry,  and  heat  the  copper  in  a  test-tube  as  be- 
fore ;  the  antimony,  like  the  arsenicum,  is  volatilized  off  the 
copper  and  condenses  on  the  side  of  the  tube  as  white  o~ide, 
but  the  sublimate,  from  its  low  degree  of  volatility,  condenses 
close  to  the  copper  ;  moreover,  it  is  destitute  of  crystalline  cha- 
racter— that  is  to  say,  it  is  amorphous  (a,  w,  without ;  ;j.op<prj, 
niorphe,  shape). 

Shake  out  the  copper,  and  boil  water  in  the  tube  for  several 
minutes.  Do  the  same  with  the  arsenical  sublimate  similarly 
obtained.  The  deposit  of  arsenic  slowly  dissolves,  and  may  be 
recognized  in  the  solution  by  ammonio-nitrate  of  silver ;  the 
antimonial  sublimate  is  insoluble. 

Third  Anrdijf!c<d  Reaction. — Perform  the  experiments  de- 
scribed under  Marsh's  test  for  arsenicum  (pp.  169,  170),  care- 
fully observing  all  the  details  there  mentioned,  but  using  a  few 
drops  of  solution  of  chloride  of  antimony  or  tartar  emetic  in- 
.stead  of  the  arsenical  solution.  Antimoniuretted  hydrogen,  or 
hydride  of  antimony  (SbH;,),  is  formed  and  decomposed  in  the 
same  way  as  arseniuretted  hydrogen. 

To  one  of  the  arsenicum  spots  on  the  porcelain  lid  (p.  170) 
add  a  drop  of  a  solution  of  "  chloride  of  lime  "  (bleaching- 
powder)  ;  it  quickly  dissolves.  Do  the  same  with  an  antimony 
spot ;  it  is  unaffected. 

Heat  more  quickly  causes  the  volatilization  of  an  arsenicum  than 
an  antimony  spot;  sulphydrate  of  ammonium  more  readily  dissolves 
tli<;  antinumy  than  the  arsenicum. 

Boil  water  for  several  minutes  in  the  beaker  or  wide  test- 
tube  containing  the  ansenious  sublimate  (page  170);  it  slowly 
16 
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dissolves,  and  may  be  recognized  in  tlie  solution  by  the  yellow 
precipitate  given  on  the  addition  of  solution  of  aninionio-nitrate 
of  silver.  The  antimonial  sublimate,  similarly  treated,  does 
not  dissolve. 

Pass  a  slow  current  of  sulphuretted  hydrogen  through  the 
delivery-tube  removed  from  the  hydrogen-apparatus  (page  170), 
and,  whan  the  air  may  be  considered  to  have  been  expelled  from 
the  tube,  gently  heat  that  portion  containing  the  deposit  of 
arsenicum  ;  the  latter  will  be  converted  into  a  iji'llow  sublimate 
of  sulphide  of  arsenicum.  Remove  the  tube  from  the  sul- 
phuretted-hydrogen apparatus,  and  repeat  the  experiment  with 
a  similar  antimony  deposit ;  it  is  converted  into  orange  sul- 
phide of  antimony,  which,  moreover,  owing  to  inferior  vola- 
tility, condenses  nearer  to  the  flame  than  sulphide  of  ar- 
senicum. 

Pass  dry  hydrochloric  acid  gas  through  the  two  delivery- 
tubes.  This  is  accomplished  by  adapting  first  one  tube  and 
then  the  other  by  a  cork  to  the  test-tube  containing  a  few 
lumps  of  common  salt,  on  which  a  little  sulphuric  acid  is 
poured  during  the  momentary  removal  of  the  cork.  The  sul- 
phide of  antimony  dissolves  and  disappears ;  the  sulphide  of 
arsenicum  is  unaffected. 

Thoroxigli  conception  of  the  chemistrij  of  arsenicum  and  anlimonn 
will  be  obtained  on  constructing  equations  cr  diagrams  descriptive  of 
each  of  the  foregoing  reactions. 

Antidote. — The  introduction  of  poisonous  doses  of  antimo- 
nials  into  the  stomach  is  fortunately  quickly  followed  by  vom- 
iting. If  vomiting  has  not  occurred,  or  apparently  to  an  in- 
sufficient extent,  any  form  of  tannic  acid  may  be  administered 
(infusion  of  tea,  nutgalls,  cinchona,  oak-bark,  or  other  astrin- 
gent solutions  or  tinctures),  an  insoluble  tannate  of  antimony 
being  formed,  and  absorption  of  the  poison  consequently  some- 
what retarded.  The  stomach-pump  must  be  applied  as  quickly 
as  possible. 

Recently  precipitated  moist  ferric  hydrate  is  also,  according 
to  T.  and  H.  Smith,  a  perfect  absorbent  of  antimony  from  its 
solutions,  the  chemical  actions  being  probably,  they  say,  similar 
to  that  which  takes  place  between  ferric  hydrate  and  arsenious 
anhydride.  It  may  be  given  in  the  form  of  a  mixture  of  i)er- 
chloride  of  iron  with  either  carbonate  of  sodium  or  magnesia. 

These  statements  may  be  verified  by  mixing  together  the  various 
substances,  filtering,  and  testing  the  filtrate  for  antimony  in  the 
usual  manner. 
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Directions  for  applying  the  foregoing  reactions  to 
the  analysis  of  an  aqueous  solution  of  salts  of 
one  of  the  elements  arsenicum  and  antimony. 

Acidify  the  liquid  with  hydi'ochloric  acid,  and  pass  through 
it  sulphuretted  hydrogen — 

A  yMoxD  precipitate  indicates  arsenicum. 

An  orange  precipitate  indicates  antimony. 

The  result  may  be  confirmed  by  the  application  of  other 
tests. 


Directions  for  applying  the  foregoing  beactions  to 

THE   analysis   OF   AN   AQUEOUS    SOLUTION  OF    SALTS  OF 

BOTH  Arsenicum  and  Antimony. 

Acidify  a  small  portion  of  the  liquid  with  hydrochloric  acid, 
and  pass  through  it  sulphuretted  hydrogen. 

Note  I. — If  the  precipitate  by  sulphuretted  hydrogen  is  unmis- 
takably orange,  antimony  may  be  put  down  as  present,  and  arseni- 
cum only  further  sought  by  the  application  of  Fleitmann's  test  to 
the  solution  of  the  sulphide  in  aqua  regia*  freed  from  sulphur  by 
boiling,  or,  better,  to  the  original  solution. 

Note  II. — Sulphide  of  antimony  is  far  less  readily  soluble  than 
sulphide  of  arsenicum  in  solution  of  carbonate  of  ammonium.  But 
this  fact  possesses  limited  analytical  value  ;  for  the  color  of  the  sul- 
phides is  already  sufficient  to  distinguish  the  one  from  the  other 
when  they  are  unmixed  ;  and  when  mixed,  much  sulphide  of  anti- 
mony will  prevent  a  little  sulphide  of  arsenicum  from  being  dis- 
solved by  the  alkaline  carbonate,  while  much  sulphide  of  arsenicum 
will  carry  a  little  sulphide  of  antimony  into  the  solution.  When  the 
proportions  are,  apparently,  from  the  color  of  the  precipitate,  less 
wide,  solution  of  carbonate  of  ammonium  will  be  found  useful  in 
roughly  separating  the  one  sulphide  from  the  other.  On  filtering 
and  neutralizing  the  alkaline  solution  by  an  acid,  the  yellow  sulphide 
of  arsenicum  is  reprecipitated.  The  orange  suljihide  of  antimony 
will  remain  on  the  filter. 

Note  III. — Solution  of  bisulphite  of  potassium  is  said  by  Wohler 
to  be  a  good  reagent  for  separating  the  sulphides  of  arsenicum 
and  antimony,  tlie  fornior  being  soluble,  the  latter  insoluble  in 
the  liquid. 

Note  IV. — Another  reagent  for  separating  the  sulphides  of  arscn- 
i<-um  and  antimony  is  Htrowj  hydrochloric  acid.  As  little  water  as 
possible  must  be  present.  On  boiling,  the  sulphide  of  antimony  dis- 
solves, while  the  sulphide  of  arsenicum  renuiins  iusoluljle.  The 
liquid  slightly  diluted,  filtered,  more  water  added,  and  sulphuretted 


*  Aqua  rerjia  is  a  mixture  of  fifteen  parts  hydrochloric  and  four  parts 
nitric  acid.  It  was  so  called  from  its  property  of  dissolving  gold,  the 
"king"  of  metals. 
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hydrogen  again  transmitted,  give-s  orange  sulphide  of  antimony. 
The  process  should  previously  be  tried  on  the  precipitated  mixed 
sulphides.  The  presence  of  arsenicum  may  be  confirmed  by  the 
application  of  Fleitmann's  test  to  the  original  solution. 

Note  V. — If  the  precipitate  by  sulphuretted  hj'drogen  is  unmis- 
takably yellow,  arsenicum  may  be  put  down  as  present,  and  any 
antimony  detected  by  the  previous  or  one  of  the  following  two  pro- 
cesses. These  two  processes  are  rather  long,  and  require  much 
care  in  their  performance,  but  are  useful,  because  a  small  quantity 
of  antimony  in  much  arsenicum,  or  vice  versa,  may  be  detected  l)y 
their  means. 

First  Process. — Generate  hydrogen  and  pass  it  through  a 
small  wash-bottle  containing  solution  of  acetate  of  lead,  to  free 
the  gas  from  any  trace  of  sulphuretted  hydrogen  it  may  pos- 
sess, and  then  through  a  dilute  solution  of  nitrate  of  silver  con- 
tained in  a  test-tube.  When  the  apparatus  is  in  good  working 
order,  pour  into  the  generating-bottle  the  solution  to  be  ex- 
amined, adding  it  gradually  to  prevent  violent  action.  After 
the  gas  has  been  passing  for  five  or  ten  minutes,  examine  the 
contents  of  the  nitrate-of-silver  tube ;  arsenicum,  if  present, 
will  be  found  in  the  solution  in  the  state  of  arsenious  acid, 

ASH3  +  3H,0  +  GAgNO^  =  H3ASO3  +  6HN0,  +  SAg^; 

while  antimony,  if  present,  will  be  found  in  the  black  precipi- 
tate that  has  fallen,  according  to  the  following  equation  : — 

SbH3  +  SAgNOs  =  SbAg3  -f  3HNO3. 

The  arsenious  radical  may  be  detected  in  the  clear,  filtered, 
supernatant  liquid,  .which  still  contains  much  nitrate  of  silver, 
by  cautiously  neutralizing  with  a  very  dilute  solution  of  am- 
monia, or  by  adding  a  few  drops  of  solution  of  ammonio-nitrate 
of  silver,  yellow  arsenite  of  silver  being  produced.  The  anti- 
mony may  be  detected  by  Avashing  the  black  precipitate,  boil- 
ing it  in  an  open  dish  with  solution  of  tartaric  acid,  acidulating 
with  hydrochloric  acid,  filtering,  and  passing  sulphuretted  hy- 
drogen through  the  solution — the  orange  sulphide  of  antimony 
being  precipitated  (Hofmann). 

Second  Process. — Obtain  the  metallic  deposit  in  the  middle 
of  the  delivery-tube,  as  already  described  under  Marsh's  test. 
Act  on  the  deposit  by  sulphuretted  hydrogen  gas,  and  then  by 
hydrochloric  acid  gas,  as  detailed  in  the  third  analytical  reaction 
of  antimony  (p.  181).  If  both  arsenicum  and  antimony  are 
present,  the  deposit,  after  the  action  of  sulphuretted  hydrogen, 
will  be  found  to  be  of  two  colors,  the  yellow  sulphide  of  arseni- 
cum being  usually  further  removed  from  the  heated  portion  of 
the  tube  than  the  orange  sulphide  of  antimony.  Moreover, 
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subsequent  action  of  hydrochloric  acid  gas  causes  disappear- 
ance of  the  antinionial  deposit,  which  is  converted  into  chloride 
of  antimony  and  carried  off  in  the  stream  of  gas. 

The  chief  objection  to  this  process  is  the  liability  of  the  operator 
mistakinij;  sulphur,  deposited  from  the  sulphuretted  hydrogen  gas 
by  heat,  tor  sulphide  of  arsenicinn.  But  the  presence  or  absence 
of  arseuieum  is  easily  confirmed  by  applying  Fleitmann's  test  to  the 
original  solution,  while  the  process  is  most  useful  for  the  detection 
of  a  small  quantity  of  a  salt  of  antimony  wlion  mixed  with  much 
of  an  arsenical  compound. 


The  laboratory  student  may  now  proceed  to  the  analysis  of  aque- 
ous solution  of  salts  of  any  of  the  metallic  elements  hitherto  con- 
sidered. The  method  followed  may  be  that  for  the  separation  of 
the  previous  three  groups,  sulphuretted  hydrogen  being  first  passed 
through  the  solution  to  throw  out  arsenicum  and  antimony.  The 
whole  scheme  of  analysis  is  given  on  the  next  page.  Three  or  four 
solutions  should  be  examined  before  proceeding  to  the  last  group  of 
metals. 

Learners  who  have  no  opportunity  of  working  at  practical  anal- 
ysis will  gain  much  knowledge  by  endeavoring  not  to  remember, 
but  to  understand  these  methods  of  separating  elements  from  each 
other  in  a  solution  containing  several  compounds. 
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269.  What  is  the  composition  and  source  of  the  Black  Antimony 
of  pharmacy? 

270.  In  what  alloys  is  metallic  antimony  a  characteristic  ingre- 
dient? 

271.  What  is  the  quanti valence  of  antimony  as  far  as  indicated 
by  the  formulai  of  the  official  preparations  ? 

272.  By  a  diagram  show  how  "Butter  of  antimony"  is  prepared. 

273.  Write  out  equations  or  diagrams  expressive  of  the  reactions 
which  occur  in  converting  chloride  of  antimony  into  oxide. 

274.  What  is  the  formula  of  Tartar  Emetic? 

275.  Explain  the  official  process  for  the  preparation  of  Oxysul- 
phide  of  Antimony  {Anlimonivm  Su/phuratuni.,  U.  S.  P.)  by  ai<l  of 
diagrams. 

27G.  Give  a  comparative  statement  of  the  tests  for  arsenicum  and 
antimony. 

277.  How  is  antimony  detected  in  the  presence  of  arsenicum? 

278.  IFow  may  arsenictum  and  iron  Ije  distinguished  analytically? 

279.  Describe  a  method  by  which  antimony,  magnesium,  and  iron 
may  be  separated  from  each  other. 

280.  Draw  out  an  analytical  chart  for  the  examination  of  an 
aqueous  liquid  containing  salts  of  arsenicum,  zinc,  calcium,  and 
an)ii)onium. 
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These  metals,  like  arseiiieuiu  iinil  antimony,  are  precipitated  front 
acidified  solutions  hy  sulphuretted  hydrojj;on,  in  the  form  of  sulphides ; 
but  the  sulphides,  unlike  those  of  arsenicum  and  antimony,  are  in- 
soluble in  alkalies.  The  atom  of  copper  is  usually  bivalent,  Cu'^; 
mercury  bivalent  in  the  mercuric  salts,  Hg^',  and  univalent  in  the 
mereurous  salts,  Hg^ ;  lead  sometimes  quadrivalent,  Pb'^'^,  but  gene- 
rally exerting  only  bivalent  activity,  Pb^^ ;  and  silver  univalent,  Ag'. 


S^ource. — The  commonest  ore  of  this  metal  is  copper  pyrites,  a 
double  sulphide  of  copper  and  iron,  raised  in  Cornwall ;  Australia 
and  Russia  supply  malachite,  a  mixed  carbonate  and  hydrate  ;  much 
ore  is  also  imported  from  South  America.  It  is  smelted  in  enor- 
mous quantities  at  Swansea,  South  Wales,  a  locality  peculiarly 
fitted  for  the  operation  on  account  of  its  proximity  to  the  coal-fields 
and  its  position  as  a  sea-coast  tov*'n — these  advantages  at  all  times 
insuring  cheap  fuel  and  freightage  to  the  different  metallurgical 
I'stablishments.  An  economical  method  of  smelting  copper  pyrites 
and  other  sulphides  has  recently  been  introduced  by  Hollway. 
After  the  sulphide  is  once  melted  air  is  driven,  not  over,  as  usual, 
but  th  rough  the  mass  j  the  combustion  of  the  sulphur  then  becomes 
self-supporting  and  is  greatly  accelei-ated. 

Alcheini/. — The  alchemists  termed  this  metal  Venus,  perhaps  on 
account  of  the  beauty  of  its  lustre,  and  gave  it  her  symbol  $,  a  com- 
pound hieroglyphic  also  indicating  a  mixture  of  gold  O  and  a  certain 
hypothetical  substance  called  acrimony  the  corrosive  nature  of 
which  was  symbolized  by  the  points  of  a  Maltese  cross.  To  this  day 
the  blue  show-bottle  in  the  shop-window  of  the  pharmacist  is  occa- 
sionally ornamented  by  such  a  symbol,  indicative,  possibly,  of  the 
fact  that  the  blue  liquid  in  the  vessel  is  a  preparation  of  copper. 

Coinage. — The  material  of  British  copper  coinage  is  now  a  bronze 
mixture  composed,  in  100  parts  by  weight,  of  95  copper,  4  tin,  and 
1  zinc,  the  same  as  in  the  copper  coinage  of  France.  The  penny 
is  coined  at  the  rate  of  48  pence  in  one  pound  avoirdupois,  of  7000 
grains,  or  4.5.3. (i  grammes;  the  halfpenny  at  80  in  the  pound  avoir- 
dupois, and  the  farthing  at  100.  British  bronze  coins  are  a  legal 
tender  in  payments  to  the  amount  of  l.v. 

Metallic  Copper,  U.  S.  P.,  occurs  "  in  slender  wire,  or  thin  foil  cut 
into  strips." 

Qiiantiiialence. — Copper  forma  two  classes  of  salts ;  in  one  the 
atom  is  bivalent  (Cu^'),  in  the  other  it  exerts  univalent  activity 
(Cu./).  The  former  are  of  primary  importance,  the  latter  lieing 
for  the  most  part  unstable  an(l  wanting  in  techni(!al  intiM-est.  Their 
impounds  are  distinguished  as  cnipric  and  cuprous ;  but  those  of 
th(!  higiier  class  only  have  general  interest,  and  will  be;  almost  ex- 
chisiv(!ly  alluded  to  in  the  following  paragraphs.  Cuprous  iodide 
('-!u.J.^)  will  subscifpiently  lie  referred  to  as  a  convenient  form  in 
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which  to  remove  iodine  Irojn  .solution,  wiiile  the  formation  of 
cuprous  oxide  (CujO),  under  given  circumstances,  will  come  under 
notice  as  an  indicator  of  the  presence  of  sugar  in  a  licjuid. 

Reactions  having  (n)  Synthetical  and  (/>)  Analytical 

Interest. 

^n)  Sjjnthetical  Reactions. 

The  processes  for  the  following  salts  include  the  only  synthet- 
ical reactions  having  any  medical  or  pharmaceutical  interest : 
1,  cupric  oxide,  the  black  oxide  of  copi^er,  prepared  by  heating 
fragments  of  copper  to  low  redness  on  a  piece  of  earthenware  in 
an  open  fire ;  2,  cupric  sulphate,  tlie  common  sulphate  of  cop- 
per, prepared  by  boiling  black  oxide  and  about  an  equal  weight 
of  sulphuric  acid  in  water,  filtering,  and  setting  aside  the  solu- 
tion so  that  crystals  may  form  on  cooling ;  and  3,  ammonio- 
sulphate  of  copper,  for  the  preparation  of  which  see  p.  174; 
also  p.  189. 

Cu,    +    0,    =  2CuO 

Copper.  Oxygen.  Cupric 

oxide. 

CuO    +    H,SO,    =    CuSO^    +  H,0 

Cupric  Sulphuric  Cupiic  Wiiter. 

oxide.  ucid.  sulijhate. 

Suljihateof  Copper  {Chqm  Sulphas,  U.  S.  P.)  (CuS04,5Pl20),  blue 
viiriol,  bluesione,  or  cupric  sulphate,  is  the  only  copper  salt  of  much 
importance  in  Pharmacy.  It  is  a  by-product  in  silver-refining 
(2Ag.^S04  +  Cu.j  =  2CUSO4  +  2Ag2).  A  little  is  also  formed  in  roast- 
ing copper  pyrites.  In  the  latter  case  some  sulpliide  of  iron  and  the 
sulphide  of  copper  are  oxidized  to  sulphates  ;  but  the  low  red  heat 
finally  employed  decomposes  the  sulphate  of  iron,  while  the  sulphate 
of  copper  is  unaffected  ;  it  is  purified  by  crystallization  from  a  hot 
aqueous  solution,  though  frequently  much  sulphate  of  iron  remains 
in  the  crystals.  Sulphate  of  copper  results  on  dissolving  in  diluted 
sulphuric  acid  the  black  oxide  (CuO)  obtained  in  annealing  cop- 
per plates  (see  the  foregoing  equations) ;  it  may  also  be  pre- 
pared by  boiling  copper  with  three  times  its  wci^iht  of  sulphuric 
acid  (2H2SO.,  +  Cu  =  CuSO^ -f  SO2 -f  2H,,0),  diluting,  filtering, 
evaporating,  and  crystallizing.  In  this  process  a  little  black 
sulphide  of  copper  is  formed. 

Anhydrous  Siilphaf.e  of  Copper  (CuSO^)  is  a  yellowish-white 
powder  prepared  by  depriving  the  ordinary  blue  crystals  of  sulphate 
of  copper  of  their  water  of  crystallization  l)y  exposing  them  to  a 
temperature  of  about  41)0°  F.  It  is  used  in  testing  alcohol  and 
similar  spirituous  liquids  for  water,  becoming  blue  if  the  latter  bo 
present. 

Verdigris  (from  verde-(jris,  Sp.  green-gray)  is  a  Subacetate  or 
Oxyacetate  of  Copper  (B.  P.)  (Cu.^O'2C5lI.,0,^),  obtained  by  exposing 
alternate  layers  of  t't)pper  and  fermenting  refuse  grape-husks  to  the 
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action  of  air.  Digested  with  twice  its  weight  of  acetic  acid  and 
a  little  water,  the  mixture  being  evaporated  to  dryness  and  the 
rosiduo  dissolved  in  water,  it  forms  a  Solution  of  Acetate  of  Copper 
(Cu^CjHaOj,!!^)),  from  which  deep-green  prismatic  crystals  of  the 
acetate  {Ciqrri  Acdas,  U.  S.  P.)  may  be  obtained. 

The  modes  of  forming  cupric  sulphide,  hydrate,  oxide,  ferrocijanide, 
and  arsenite,  as  well  as  the  precipitation  of  melaUic  cojjper,  are  inci- 
dentally alluded  to  in  the  following  analytical  paragraphs. 

(/j)  Reactions  having  Analytical  Interest  ( Tests). 

First  AiiaJytical  Reaction.  —  Pass  sulphuretted  hydrogen 
through  an  acidified  solution  of  a  copper  salt  (sulphate,  for  ex- 
ample) ;  black  cupric  sulphide  (CuS)  falls. 

Second  Analytical  Reaction. — Add  sulphydrate  of  ammonium 
to  an  aqueous  copper  solution  ;  cupric  sulphide  is  again  pre- 
cipitated, insoluble  in  excess. 

Note. — Cupric  sulphide  is  not  altogether  insoluble  in  sulphydrate 
of  ammonium  if  free  ammonia  or  much  ammoniacal  salt  be  present; 
it  is  quite  insoluble  in  the  fixed  alkaline  sulphides. 

Third  Analytical  Reaction. — Immerse  a  piece  of  iron  or 
steel,  such  as  the  point  of  a  penknife  or  a  piece  of  wire,  in  a 
few  drops  of  a  copper  solution  ;  the  copper  is  deposited,  of  cha- 
racteristic color,  an  equivalent  quantity  of  iron  passing  into 
solution. 

By  this  reaction  copper  may  be  recovered  on  the  larger  scale  from 
waste  solutions,  old  hoop  or  other  scrap  iron  being  thrown  into  the 
liquors. 

Fourth  Anrdytical  Reaction. — Add  ammonia  to  a  cupric  solu- 
tion ;  cupric  hydrate  (Cu2H0)  of  a  light-blue  color  is  precipi- 
tated. Add  excess  of  ammonia  ;  the  precipitate  is  redissolved, 
forming  a  blue  solution  of  ammonio-salt  of  copper,  so  deep  in 
color  as  to  render  ammonia  an  exceedingly  delicate  test  for  this 
metal. 

An  ammonio-sulphate  of  copper  may  be  obtained  in  large  crystals 
liy  adding  strongest  solution  of  ammonia  to  powdered  sulphate  of 
(•()pi)er  until  the  salt  is  dissolved,  placing  the  liquid  in  a  testrglass 
,  or  cylinder,  cautiously  pouring  in  twice  its  volume  of  strong  alcohol 
or  methylated  spirit,  taking  care  that  the  liquids  do  not  become 
mixed,  tying  over  the  vessel  with  bladder,  and  setting  aside  for 
some  weeks  in  a  cool  place  (Wittstein.)  The  constitution  of  am- 
iiionio-sulphato  and  other  ammonio-salts  of  copper  and  correspond- 
ing salts  of  silver  will  lie  alluded  to  in  connection  with  "white  pre- 
cipitate,'' the  official  "  ammoniated  mercury." 

Ciipi-vm  Ammoniatimi  is  an  ammonio-sulphate  of  copper  pre- 
pared liy  rubbing  together  sulphate  of  copper  and  carhoiuite  of  am- 
monium until  etfervescence  ceases,  and  drying  the  product. 
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Fifth  Analytical  Rmction. — Add  solution  of  potash  or  soda 
to  a  cupvic  solution  ;  cupric  hydrate  (Cu2H0)  is  precipitated, 
insoluble  in  excess.  Boil  the  mixture  in  the  test-tube ;  the 
hydrate  is  decomposed,  losing  the  elements  of  water,  and  be- 
coming the  black  anhydrous  oxide  (CuO). 

Sixth  Aiviti/tli  a.l  Reaction. — Add  solution  of  ferrocyanide  of 
potassium  (K^Fcy)  to  an  aqueous  cujjric  solution  ;  a  reddish- 
brown  precipitate  of  cupric  ferrocyanide  (Cu,,Fcy)  falls.  This 
is  an  extremely  delicate  test  for  copper. 

Seventh  Aiialytic(d  Reaction.- — To  a  cupric  solution  add  so- 
lution of  arsenic,  and  cautiously  neutralize  with  alkali ;  green 
cupric  arsenite  (GuHAsOs)  falls. 

Note. — This  precipitate  has  been  already  mentioned  under  arsen- 
icum.  An  arsenicum  salt  is  thus  a  test  for  copper  as  a  copper  salt 
is  for  arsenicum — a  remark  that  may  obviously  be  extended  to  most 
analytical  reactions ;  for  the  hodij  acted  upon  characteristically  by 
a  reagent  is  as  good  a  test  for  the  reagent  as  the  reagent  is  for  it ; 
indeed  it  becomes  a  reagent  when  the  other  body  is  the  object  of 
search.    Most  copper  salts  color  flame  green,  the  chloride  blue. 

Antidotes. — In  cases  of  poisoning  by  compounds  of  copper, 
iron  filings  should  be  administered,  the  action  of  which  has  just 
been  explained  (see  third  analytical  reaction).  Ferrocyanide 
of  potassium  may  also  be  given  (see  sixth  analytical  reaction). 
Albumen  forms  with  copper  a  compound  insoluble  in  water ; 
hence  raw  eggs  should  be  swallowed,  vomiting  being  induced, 
or  the  stomach-pump  applied  as  speedily  as  possible. 


QUESTIONS  AND  EXERCISES. 

281.  What  are  the  analytical  relations  of  copper,  mercury,  lead, 
and  silver  to  each  other  and  to  arsenicum  and  antimony? 

282.  Name  the  sources  of  copper. 

283.  What  proportion  of  copper  is  contained  in  English  and 
French  "copper"  coins? 

284.  Give  diagrams  showing  how  Sulphate  of  Copper  is  prepared 
on  the  small  and  large  scales. 

285.  Work  out  a  sum  showing  how  much  Crystallized  Sulphate  of 
Copper  may  be  made  from  100  parts  of  sulphide. — Ans.  201^^  parts. 

286.  How  may  Oxide  of  Copper  be  prepared  ? 

287.  Mention  the  formula  of  Verdigris. 

288.  Name  a  good  clinical  test  for  copper. 

289.  What  is  the  analytical  position  of  copper? 

290.  Mention  the  chief  tests  for  coi)per. 

291.  IIow  may  co"]iper  be  separated  from  arsenicum? 

292.  Why  is  iinely  divided  iron  an  effective  antidote  in  ca.ses  of 
poisoning  by  copper? 
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MERCURY. 

Symbol  Hg.    Atomic  weight  199.7. 
Molecular  weight  199.7  {not  double  the  atomic  weight). 
Source. — Mercury  occurs  in  nature  as  sulphide  (HgS),  forming 
the  ore  cinnabar  (an  Indian  name  expressive  of  something  red),  and 
is  ol)tained  from  Spain,  California,  Eastern  Hungary,  China,  Japan, 
and  Peru. 

Preparation. — The  metal  is  separated  by  roasting  off  the  sulphur 
and  then  distilling,  or,  better,  distilling  with  lime,  which  combines 
with  and  retains  the  sulphur. 

Properties. — Mercury  {Hydrargyrum,  U.  S.  P.)  is  a  silver-white 
lustrous  metal,  liquid  at  common  temperatures.  It  boils  at  G62°  F., 
and  at  —  40°  F.  solidifies  to  a  malleable  mass  of  octahedral  crystals. 
When  quite  free  from  other  metals  it  does  not  tarnish,  its  globules 
roll  freely  over  a  sheet  of  white  paper  without  leaving  any  streak  or 
losing  their  spherical  form,  and  when  boiled  with  strong  solution  of 
sodium  hyposulphite  it  does  not  lose  its  lustre  and  does  not  acquire 
more  than  a  slightly  yellowish  shade. 

Formula. — The  formula  of  the  mercury  molecule  is  Hg  and  not 
Ilg,,  because  (at  all  events  at  the  high  temperature  at  which  alone 
the  weight  of  its  vapor  can  be  determined)  two  volumes,  which  if 
hydrogen  would  weigh  two  parts  (IIj)  or  oxygen  thirtj'-two  parts 
(0.,),  in  the  case  of  mercury  vapor  weigh  only  two  hundred  parts 
(Ilg) ;  that  is,  only  once  the  atomic  weight,  not  twice.  That  200, 
and  not  100,  \g>  the  atomic  weight  of  mercury  is  shown  by  the  fact 
that  200  is  the  minimum  proportion  relative  to  1  of  hydrogen  in 
which  mercury  combines,  and  by  its  relations  to  heat.  Still  it  is 
difficult  to  imagine  an  atom  existing  in  the  free  state  in  nature ;  and 
the  suggestion  has  been  made  that  (as  is  proved  to  be  the  case  with 
sulphur)  mercury,  as  we  know  it,  is  in  abnormal  condition,  and  that 
if  the  weight  of  its  vapor  could  bo  taken  at  a  lower  temperature,  or 
under  some  other  condition,  its  molecular  weight  might  be  found  to 
be  400.  Similar  remarks  may  be  made  respecting  zinc,  the  molec- 
ular weight  of  which,  so  far  as  we  know,  is  identical  with  its  atomic 
weight. 

Medicinal  Compounds. — The  compounds  of  mercury  used  in  medi- 
cine are  all  obtained  from  the  metal.  The  metal  itself,  rubbed  with 
chalk  and  sugar  of  milk,  or  with  confection  of  roses  and  powdered 
liquorice-root,  or  with  lard  and  suet,  until  globules  are  not  visible 
to  the  unaided  eye,  is  often  used  in  medicine.  The  preparations  arc : 
the  Hydrargyrum  cum  Greta,  U.  S.  P.,  or  "  Gray  Powder ;"  Mansa 
Ifi/drnrgyri,  U.  S.  P.,  "  Blue  Mass"  or  "  Blue  Pill ;"  and  Thiguenimn 
Ifydrargyri,  V.  S.  P.,  or  "Blue  Ointment."  There  are  also  a  Com- 
pound Ointment,  a  Plaster  of  Mercury,  a  Plaster  of  Ammoniacum 
and  Mercury,  a  Liniment,  and  a  Suppository.  Their  therapeutic 
effects  are  probably  due  not  to  the  large  quantity  of  nu!tallic  mercury 
ill  them,  but  to  the  small  ((uantities  of  black  and  red  oxide  which 
<ii:cm*  in  them  through  the  action  of  the  oxygen  of  the  air  on  the 
finely-divided  metal.  The  proportion  of  oxide  or  oxides  varies  ac- 
cording to  the  age  of  the  specimen. 
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All  these  medicinal  pi-eparations  of  metallic  mercury  are  indefinite 
and  unsatisfactory,  and  that  throuirh  no  fault  of  the  pharmacist. 
They  much  need  investigation  by  therapeutists,  llei'e,  as  in  many 
similar  cases,  if  Medicine  would  Hrst  ascertain  her  own  requirements 
and  then  make  them  known,  her  handmaid  Pharmacy  would  be  found 
quite  capable  of  supplying  thorn. 

Mercurous  and  Mercitr/c  C'<i»ipnnnds. — Mercury  combines  with 
other  elements  and  radicals  in  two  proportions ;  those  compounds 
in  which  the  other,  acidulous,  radicals  are  in  the  lesser  amount 
are  termed  mercurous,  the  higher  being  mercuric.  Thus,  calomel 
(IlgCl*)  is  mercurous  chloride,  while  corrosive  sublimate  (IlgCl.J 
is  mercuric  chloride.  In  every  pair  of  mercuric  compounds  the 
mercuric  contains  twice  as  much  complementary  radical,  in  propor- 
tion to  the  mercury,  as  the  mercurous. 

Note  on  Noinenclature. — The  remarks  made  concerning  the  two 
classes  of  iron  salts,  ferrous  and  ferric  (p.  140),  apply  in  the  main  to 
the  two  series  of  mercury  salts.  The  latter  are  systematically  dis- 
tinguished in  most  modern  works  by  the  terms  mercurous  and  mer- 
curic. In  the  British  and  United  States  Pharmacopoeias,  however, 
which  include  only  a  few  in  comparison  with  the  whole  number  of 
mercury  salts,  older  and  more  strongly  contrasted  names  are  em- 
ployed, thus : — 


Systematic  names.  OfBcial  names. 

Mercurous  iodide   Green  iodide  of  mercury. 

Mercuric  iodide   Red  iodide  of  mercury. 

Mercurous  nitrate   Not  mentioned. 

Mercuric  nitrate   Nitrate  of  mercury. 

Mercurous  sulphate    ....  Not  mentioned. 

Mercuric  sulphate   Sulphate  of  mercury. 

Mercurous  chloride     ....  Subchloride  of  mercury. 

Mercuric  chloride   Perchloride  of  mercury. 

Mercurous  oxide   Black  oxide  of  mercury. 

Mercuric  oxide  .    .    .    .    .    .  Red  oxide  of  mercury. 


Specific  gravity. — Mercury  is  13.6  times  as  heavy  as  water. 

Amalgams. — The  compound  formed  in  fusing  metals  together  is 
usually  termed  an  alloy  {ad  and  ligo,  to  bind) ;  but  if  mercury  is  a 
constituent,  an  amalgam  (/ia.?.ayfja,  malagma,  from  /w?.aua(j,  jHfl/rt.s-.sv;, 
to  soften,  the  presence  of  mercury  lowering  the  melting-point  of 
such  a  mixture).  Most  metals,  even  hydrogen,  according  to  Leow, 
form  amalgams. 


*The  specific  gravity  of  the  vapor  of  calomel,  and  the  fact  that  the 
salt  is  not  decomposed  at  the  temperature  at  which  its  specific  gravity 
is  taken,  indicate  that  the  formula  of  calomel  is  HgCl,  and  not 
Hg.Cl.,. 
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Reactions  having  («)  Synthetical  and  (A)  Analytical 

Interest. 

(a)  Si/nthetical  Reactions. 
The  Two  Iodides. 

First  Si/nfhe.ticcd  Reaction. — -liub  together  a  small  quantity 
of  mercury  and  iodine,  controlling  the  rapidity  of  combination 
by  adding,  previously,  and  afterward  occasionally,  a  few  drops 
of  spirit  of  wine,  which,  by  evaporation,  absorbs  heat,  and 
thus  keeps  down  temperature.  The  product  is  either  mercuric 
iodide,  mercurous  iodide,  or  a  mixture  of  the  two,  as  well  as 
mercury  or  iodine  if  excess  of  either  has  been  employed.  If 
the  two  elements  have  been  previously  weighed  in  single  atom- 
ic proportions,  200  of  mercury  to  127  of  iodine  (about  8  to  5, 
or  1  ounce  of  mercury  to  2Y8  grains  of  iodine),  the  mercurous 
or  green  (grayish-green)  iodide  results  (Hgl)  (^Ht/dravgi/ri  lo- 
diilum  Viride,  U.  S.  P.)  ;  if  in  the  proportion  of  one  atom  of 
m-ercury  to  two  atoms  of  iodine  (200  to  twice  127,  or  about  4 
to  5),  the  mercuric  or  red  iodide,  Hgl.^,  results,  an  iodide  that 
i.s  also  official,  but  made  in  another  way.  (See  page  194.) 
The  green  iodide  should  be  made  and  dried  (without  heat) 
with  as  little  exposure  to  light  as  possible.  The  product 
should  be  well  washed  with  alcohol  to  remove  mercuric  iodide. 

Mercurous  iodide  is  decomposed  slowly  by  light,  and  quickly  by 
h?at,  into  mercuric  iodide  and  mercury.  Mercuric  iodide  occurrinif 
;is  ;in  impurity  in  mercurous  iodide  may  be  detected  by  digesting  in 
ftlu;r  (in  which  mercurous  iodide  is  insoluble),  filtering  and  evap- 
orating to  dryness ;  mercuric  iodide  remains.  Mercuric  iodide  is 
stable,  and  may  be  sublimed  in  scarlet  crystals  without  decomposi- 
tion. (For  details  of  the  method  by  which  a  specimen  of  the  crystals 
may  ha  obtained,  and  the  precautions  to  be  observed,  vide  "  Corro- 
sive Sublimate,"  p.  198.) 

Relation  of  Mercuric  Iodide  to  Light. — In  condensing,  mercuric 
iodide  is  at  first  yellow,  afterwards  acijuiriug  its  characteristic  scar- 
li!t  color.  This  may  be  shown  by  smearing  or  rulibing  a  sheet  of 
white  paper  with  the  red  iodide,  and  then  holding  the  sheet  before  a 
fire  or  over  a  flame  for  a  few  seconds.  As  soon  as  the  paper  becomes 
hot  the  red  instantly  changes  to  yellow,  and  the  salt  does  not  ((uickly 
regain  its  red  color,  evcTi  when  cold,  if  the  paper  is  carefully  handled. 
But  if  a  mark  be  made  across  the  sheet  with  anything  at  hand,  or  the 
salt  be  pressed  or  rubbed  in  any  way,  the  portions  touched  iinniedi- 
iitoly  return  to  the  scarlet  condition.  According  to  AVarrington, 
this  change  is  consequent  upon  rhomboidal  crystals  lieing  converted 
into  octahedra  with  a  square  base,  and  will  serve  as  an  excellent 
illustration  of  the  influence  of  physical  structure  in  causing  color. 
The  yellow  modification  so  acts  on  the  rays  of  white  light  shining  on 
Its  particles  as  to  absorb  th(!  violet  and  reflect  the  complementary 
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hue,  the  yellow,  which,  entering  the  eye  of  the  observer,  strikes  his 
retina,  and  thus  conveys  to  the  brain  the  impression  of  yellowness; 
and  the  red  modification,  though  actually  the  same  chemical  sulj- 
stance,  is  sufficiently  different  in  the  structure  of  its  particles  to 
absorb  the  green  constituent  of  white  light  and  reflect  the  comple- 
mentary ray,  the  I'ed. 

Illustration,  of  the  Chemical  Law  of  Multiple  Proportions  (p.  48). 
— Applying  the  atomic  theory  to  the  above  iodides,  it  will  at  once  be 
apparent  why  mercury  and  iodine  should  combine  in  the  proportion 
of  200  of  mercury  with  either  127  or  254  of  iodine,  and  not  with  any 
intermediate  quantity.  For  it  is  part  of  that  theory  that  masses  are 
composed  of  atoms,  and  that  atoms  are  indivisible;  and  that  the 
weight  of  the  atom  of  mercury  is  to  that  of  iodine  as  200  is  to  127. 
Mercury  and  iodine  can  only  combine,  therefore,  in  atomic  propor^ 
tions,  atoni  to  atom  (which  is  the  same  as  200  to  127),  or  one  atom 
to  two  atoms  (which  is  the  .same  as  200  to  254).  To  attempt  to  com- 
bine them  in  any  intermediate  proportion  would  be  useless ;  a  mere 
mixture  of  the  two  iodides  would  result.  A  higher  proportion  of 
mercury  than  200  to  127  of  iodine  gives  but  a  niixture  of  mercurous 
iodide  and  mercury ;  a  higher  proportion  of  iodine  than  254  to  200 
of  mercury  gives  but  a  mixture  of  mercuric  iodide  and  iodine.  Or, 
for  example,  200  grains  of  mercury,  mixed  with,  say,  200  of  iodine, 
would  yield  139  grains  of  mercurous  iodide  and  2fil  grains  of  mer- 
curic iodide ;  for  the  200  grains  of  mercury  uniting  with  127  grains 
of  the  iodine  give,  for  the  moment,  327  grains  of  mercurous  iodide 
and  73  grains  of  iodine  still  free.  The  73  grains  of  iodine  will  im- 
mediately unite  MMth  188  grains  of  the  mercurous  iodide  (for  if  127 
of  I  require  327  of  Hgl  to  form  Hgl2,  73  will  i-equire  188),  and  form 
261  grains  of  mercuric  iodide,  diminishing  the  327  grains  of  mer- 
curous iodide  to  139  gi-ains. 

Preparnfiov  of  Red  lodi'df  of  Mi'mtry  bt/  prpcipitation. — To 
a  few  drops  of  a  polution  of  a  mercuric  salt  (corrosive  subli- 
mate, for  example),  add  solution  of  iodide  of  potassium,  drop 
by  drop ;  a  precipitate  of  mercuric  iodide,  Hgl2,  forms,  and  at 
first  quickly  redissolves,  but  is  permanent  when  sufficient  iodide 
of  potassium  has  been  added.  Continue  the  addition  of  iodide 
of  potassium  ;  the  precipitate  is  once  more  redissolved. 

HgClj     +     2KI     =     Hgl^     +  2KC1 

Mercuric  Iodide  of  Jlnicuric  Cliloi  idc  of 

chloride.  potaseiuni.  iodide.  jiotjissium. 

Note. — When  first  precipitated,  mercuric  iodide  is  yellowish-rcd, 
but  soon  changes  to  a  beautiful  scarlet.  Its  solubility  either  in  solu- 
tion of  the  mercuric  salt  or  in  solution  of  iodide  of  potassium  renders 
the  detection  of  a  snuiU  quantity  of  a  mercuric  salt  by  iodide  of 
potassium,  or  a  small  quantity  of  an  iodide  by  a  mercuric  solution, 
difficult,  and  hence  lessens  the  value  of  the  reaction  as  a  test.  But 
the  reaction  lias  synthetit-al  interest,  the  nu?tliod  )>y  precipitation 
being  that  adopted  in  the  British  and  United  States  Pharmacop(vias 
{Ui/draryi/ri  lodiduiH  liubruiii,  U.  S.  P.).    Mercuric  iodide  thus  made 
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has  the  same  composition  as  that  prepared  by  direct  combination  of 
its  elements.  Equivalent  proportions  of  the  two  salts  must  be  used 
in  making  the  preparation  (llgCl,  —  271 ;  2KI  — 332).  About  4 
parts  of  corrosive  sublinuite  are  dissolved  in  50  or  (30  of  water 
(warmth  quickens  solution),  and  5  of  iodide  of  potassium  in  15  or 
20  of  water,  the  solutions  mixed,  and  the  precipitate  collected  on  a 
filter,  drained,  washed  twice  with  distilled  water,  and  dried  on  a 
plate  over  a  water-bath.  Mercuric  nitrate,  which  is  more  soluble, 
and  therefore  somewhat  more  convenient  for  use  on  the  large  scale, 
may  be  used  instead  of  the  mercuric  chloride.  The  mercury  in  mer- 
curic or  mereurous  iodide  is  set  free  and  sublimes  in  globules  on  heat- 
ing either  powder  with  dried  carbonate  of  sodium  in  a  test-tube  ;  the 
iodine  may  be  detected  by  digesting  with  solution  of  soda,  filtering, 
and  to  the  solution  of  iodide  of  sodium  thus  formed  adding  starch 
paste  and  acidulating  with  nitrous  acid,  when  blue  iodide  of  starch 
results.  Mercuric  iodide  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  tolerably  soluble  in  ether.  Precipitated  red  iodide  of  mer- 
cury mixed  with  white  wax,  lard,  and  oil,  forms  the  Unguenium 
Hi/drar</i/ri  lodidi  Etibri,  B.  P.  100  parts  of  a  5-per  cent,  solution 
of  mercuric  chloride  with  367  parts  of  a  5-per  cent,  solution  of  iodide 
of  potassium  forms  the  "  Test  Solution  of  Iodide  of  Mercury  and 
Potassium,"  U.  S.  P. 

The  Two  Nitrates. 

Second  Synthelical  Re.actirm. — Place  a  globule  of  mercury, 
about  half  the  size  of  a  pea,  in  a  test-tube ;  add  twenty  or 
thirty  drops  of  nitric  acid ;  boil  slowly  until  red  fumes  (nitric 
oxide,  NO)  no  longer  form  ;  set  aside.  On  cooling,  if  a  globule 
of  mercury  still  remains  in  the  tube,  crystals  of  mereurous 
nitrate  separate.  These  may  be  dissolved  in  water  slightly 
acidulated  by  nitric  acid.  The  solution  may  be  retained  for 
subsequent  analytical  operations. 

Hg.,    +    4HNO3    =    3HgN03    +    2H,0    +  NO. 

Third  Si/nthrticcd  Reaction. — Place  mercury  in  exceas  of 
strong  nitric  acid,  and  warm  the  mixture ;  mercuric  nitrate  is 
formed,  and  will  be  deposited  in  crystals  as  the  solution  cools. 
Or,  to  crystals  of  mereurous  nitrate  add  nitric  acid  and  boil 
until  red  fumes  cease  to  form.  Retain  the  product  for  a  sub- 
sequent experiment. 

It  will  be  seen  that  when  mercury  and  nitric  acid  are  boiled 
together  mereurous  nitrate  is  formed  if  the  mercury  be  in  excess, 
while  mercuric  nitrate  is  produced  if  the  a(!id  preponderate. 

Till',  merrurir.  nitrates  vary  somewhat  in  composition,  according  to 
the  proportion,  strength,  and  temperature  of  tnc  acid  uscid  in  tlieir 
formation.  A  mercuric  nitrate  may  be  obtained  bavin";  the  formula 
l[g2X03. 

IIg3    +    8IINO3    =    3(IIg2NO,)    -\r    2N0    -|-  AU.fi 

Mercury.  Nitric  Mnrcuric  Nitric:  Water, 

aciil.  Ditnite.  nxiclc. 
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Mercuric  Oxynitrates. — From  the  normal  mercuric  nitrate  several 
oxynitrates  may  be  obtained.  Thus  on  merely  evaporating  a  sohi- 
tion  of  mercuric  nitrate,  and  cooling,  crystals  having  the  formula 
HgBOaGNOg  are  deposited.  The  latter,  by  washing  with  cold  wat(!r, 
yield  a  ye/toic  pulverulent  oxynitrate,  lIguO,,4N03 :  mixed  with  lard, 
this  has  sometimes  been  used  as  an  ointment.  Boiled  in  water,  the 
yellow  gives  a  brick-red  oxynitrate,  HggOjliNOj. 

The  pharmacopoeial  preparations  of  mercuric  nitrate  are  Liquor 
Hi/draryi/ri  Nitratis.  U.  S.  P.,  containing  half  its  weight  of  mercu- 
ric nitrate  and  free  acid,  sp.  gr.  2. 101),  and  UiujueiUtun  Hydranjijri 
Nitratis,  U.  S.  P.  The  former  is  made  by  placing  40  parts  of  red 
oxide  of  mercury  in  45  parts  of  nitric  acid  diluted  with  15  parts  of 
water. 

IlgO  +  2IINO3  =  rig2N03  +  H,0. 

The  Uagnentnm.  or  "Citrine  Ointment"  is  made  by  oxidizing  lard 
oil  with  nitric  acid,  and  then  adding  a  solution  of  mercury  in  nitric 
acid. 

The  Two  Sulphates. 

Fourth  Sjjnthrfical  Reaction. — Boil  two  or  three  grains  of 
mercury  with  a  few  drops  of  strong  sulphuric  acid  in  a  test- 
tube,  or,  better,  small  dish ;  sulphurous  acid  gas  (SO.,)  is 
evolved,  and  mercuric  sulphate  (^Hi/drargi/ri  Sit/jihax,  B.  P.) 
(HgSOi)  results — a  white  heavy  crystalline  powder. 

Hg    +    2H,S0,    =    HgSO,    +    SO2    +  2H,0 

Mercury.  Sulphuric  Mercuric  Suli)humus  Water, 

acid.  sulphate.  acid  gsis. 

Between  two  and  three  ounces  of  mercuric  sulphate  may  be 
prepared  from  a  fluidrachm  of  mercury  and  a  fluidounce  of  sul- 
phuric acid  boiled  together  in  a  small  dish.  These  are  the 
official  proportions.  The  operation  is  completed  and  any  ex- 
cess of  acid  removed  by  evaporating  the  mixture  of  metal  and 
liquid  to  dryness,  either  in  the  open  air  or  in  a  fume-chamber, 
sulphuric  acid  vapors  being  excessively  irritating  to  the  mucous 
membrane  of  the  nose  and  throat ;  dry  crystalline  mercuric 
sulphate  remains.  If  residual  particles  of  mercury  are  ob- 
served, the  mass  should  be  dampened  with  sulphuric  acid  and 
again  heated. 

By-products. — In  chemical  manufactories,  secondary  products, 
such  as  the  sulphurous  gas  of  the  above  reaction,  are  termed  l>i/- 
products,  and,  if  of  value,  are  utilized.  In  the  present  case  the 
gas  is  of  no  immediate  use,  and  is  therefore  allowed  to  escape. 
When  very  pure  sulphurous  acid  gas  is  required  for  experiments 
on  the  small  scale,  this  would  be  the  best  method  of  making  it,  a 
delivery-tube  being  adapted  by  a  cork  to  the  mouth  of  a  Hask  con- 
taining the  acid  and  metal.  The  sulphate  of  mercury  would  then 
become  tiie  by-product. 
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Mercuric  Oxtjsulphate. — Water  decomposes  mercuric  sulphate  into 
a  soluble  acid  salt  and  an  insoluble  yellow  oxysulpliate  (Ug^O.^SO.,). 
The  latter  is  called  Turpeth  mineral,  from  its  roseni bianco  in  color  to 
the  powdered  root  of  Ipomoca  iurpetltum,  an  Indian  substitute  for 
jalap.  The  yellow  sulphate  or  subsulphate  of  mercury  {Hijdrargtp  i 
Siibmilphas  Flarii.s;  U.  S.  P.)  is  official.  It  should  be  entirely  soluble 
in  20  parts  of  hydrochloric  acid. 

Fiy'th  Si/nthftical  Reaction. — E,ub  a  portion  of  the  dry  mer- 
curic sulphate  of  the  previous  reaction  with  as  much  mercury 
as  it  already  contains ;  the  product,  when  the  two  have  thor- 
oughly blended,  is  mercurous  sulphate  (Hg.^SOj)  :  it  may  be 
retained  for  a  subsequent  experiment. 

Molecular  Weight. — The  exact  proportion  of  mercury  to  sulphate 
is  merely  a  matter  of  calculation ;  for  the  combining  proportion  of  a 
compound  (if  it  possess  any  combining  power)  is  the  sum  of  the  com- 
bining proportions  of  its  constituents.  In  other  words,  the  combining 
weight  of  a  molecule  is  simphj  the  sum  of  the  weights  of  its  constituent 
atoms,  or,  more  generally,  the  molecular  lueight  of  a  compound  is  the 
sum  of  the  atomic  weights  of  its  elements.  In  accordance  with  this 
rule  (sometimes  called  the  fourth  law  of  chemical  combination, 
though  only  a  deduction  from  the  first — p.  47),  296  of  mercuric 
sulphate  and  200  of  mercury  (about  3  to  2)  are  the  exact  propor- 
tions necessary  to  the  formation  of  mercurous  sulphate. 

The  Two  Chlorides. 

Sixth  Synthetical  Reaction. — Mix  thoroughly  a  few  grains 
of  dry  mercuric  sulphate  with  about  four-fifths  its  weight  of 
chloride  of  sodium,  and  heat  the 
mixture  slowly  in  a  test-tube  in  a 
fume-chamber  or  in  the  open  air  to 
leeward  of  the  operator ;  mercuric 
chloride  (HgClj),  or  corrosive  subli- 
mate (^Hijdrargyri  PercMoridum, 
B.  P.,  Hi/drargyri  Chloridum  Cor- 
rommm,  U.  S.  P.),  sublimes  and  con- 
denses in  the  upper  part  of  the  tube 
in  heavy  colorless  crystals  or  a  crys- 
talline mass.  Somewhat  larger  quan- 
tities (in  the  proportion  of  20  of  sul- 
phate to  16  of  salt,  and,  vide  infra, 
1  of  black  oxide  of  manganese)  may 
be  sublimed  in  a  pair  of  two-ounce 
or  three-ounce  round-bottomed  gallipots,  the  one  inverted  over 
the  other,  and  the  joint  luted  by  moist  fireclay  (the  powdered 
tlay  kneaded  with  water  to  the  consistence  of  dough).  The 
hiting  having  been  allowed  to  dry  (somewhat  slowly,  to  avoid 
17  «• 


Fig.  36. 
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cracks),  the  pots  are  placed  iipriglit  on  a  sand-tray  (plate-shape 
answers  very  well),  sand  piled  round  the  lower  and  a  portion 
of  the  upper  pot,  and  the  whole  heated  over  a  good-sized  gas- 
flame  (if  an  air-gas  flame,  it  should  be  an  inch  and  a  half  wide 
and  four  or  five  inches  long)  for  an  hour  or  more  (see  fig.  36 — 
pots  raised  to  show  joint).  Red  Iodide  of  Mercury  and  Calomel 
may  be  sublimed  in  the  same  way.  The  former  requires  less, 
the  latter  more,  heat  than  corrosive  sublimate. 

HgS04     +     2NaCl      =      HgCl,     +  Na,SO, 

Mercuric  Clilurido  of  Mercuric  Si.Ipliatc  of 

Bulplmte.  Bodiuui.  cliloride.  sudiuni. 

Note. — If  the  mercuric  sulphate  contain  any  mercurous  sulphate, 
some  calomel  may  be  formed.  This  result  will  be  avoided  if  2  or  3 
per  cent,  of  black  o.xide  of  manganese  be  previously  mixed  with  the 
ingredients,  the  action  of  which  is  to  eliminate  chlorine  from  the 
excess  of  chloride  of  sodium  used  in  the  process,  the  chlorine  con- 
verting any  calomel  into  corrosive  sublimate.  Mangauate  of  sodium 
and  a  lower  oxide  of  manganese  are  simultaneously  produced. 

Precaution. — The  operation  is  directed  to  be  conducted  with  care 
in  a  fume-cliambcr  or  in  the  open  air,  because  the  vapor  of  corrosive 
sublimate,  which  might  possil^ly  escape,  is  very  acrid  and  highly  poi- 
sonous.   Its  vulgar  name  is  indicative  of  its  properties. 

Ten  grains  of  perchloride  of  mercury  and  the  same  quantity  of 
chloride  of  ammonium  in  one  pint  of  water  form  the  Liquor  Hi/drar- 
gyri  Pei-cJdoridi,  B.  P.  A  dilute  aqueous  solution  of  perchloride  of 
mercury  is  liable  to  decomposition,  calomel  being  precipitated,  Avater 
decomposed,  hydrochloric  acid  formed,  and  oxygen  gas  evolved.  The 
presence  of  excess  of  chloride  of  ammonium,  with  a  portion  of  which 
the  mercuric  chloride  forms  a  stable  double  salt,  prevents  the  decom- 
position. 

Sevevth  Syntlietiad  React/on. — Mix  a  few  grains  of  the 
mercurous  sulphate  of  the  fifth  reaction  with  about  a  third  of 
its  weight  of  chloride  of  sodium,  and  sublime  in  a  test-tube; 
crystalline  mercurous  chloride  (HgCl)  or  calomel  (^Hydrargi/ri 
Sufichloridum,  B.  P.,  Hijdrargyri.  C/duri'dimi  Mite,  U.  S.  P.) 
results.  Larger  quantities  may  be  prepared  in  the  manner 
directed  for  corrosive  sublimate,  a  somewhat  higher  tempera- 
ture being  employed  ;  similar  precaution  must  also  be  observed. 
The  proportions  are  10  of  mercuric  sulphate  to  7  of  mercury 
and  5  of  dry  chloride  of  sodium.  3Ioisten  the  sulphate  of 
mercury  with  some  of  the  water,  and  rub  it  and  the  mercury 
together  until  globules  are  no  longer  visible ;  add  the  chloride 
of  sodium,  and  thoroughly  mix  the  whole  by  continued  tritu- 
ration. When  dry,  sublime  by  a  suitable  apparatus  into  a 
chamber  of  such  a  size  that  the  calomel,  instead  of  adhering 
to  its  sides  as  a  crystalline  crust,  shall  lall  as  a  fine  (dull-white) 
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powder  on  its  floor.  Wash  this  powder  witli  boiling  distilled 
water  until  the  washings  cease  to  be  darkened  by  a  drop  of 
sulphydrate  of  aninionium.  Finally,  dry  at  a  heat  not  ex- 
ceeding 212°  F.,  and  preserve  in  a  jar  or  bottle  impervious  to 
light. 

Hg,,SO,    +    2NaCl    -    2HgCl    +  Na.,SO, 

Mercurous  Chlni  ide  of  Mereurmis  Suljilmte  of 

siilphute.  sodiimi.  chloride.  sodium. 

The  term  calomel  {xalbg,  kalos,  good,  and  fie?Mc,  melas,  black)  is 
said  to  relate  to  the  u.se  of  the  salt  as  a  good  remedy  for  black  bile, 
but  probably  was  simply  indicative  of  the  esteem  in  which  black 
sulphide  of  mercury  was  held,  the  compound  to  which  the  name 
calomel  was  first  applied. 

Test  for  corrosive  sublimate  in  calomel. — If  the  mercurous  sul- 
phate contains  mercuric  sulphate,  some  mercuric  chloride  will  also 
1)0  formed.  Corrosive  sublimate  is  soluble  in  water,  calomel  insol- 
uble :  the  presence  of  the  former  may  therefore  be  proved  by  boiling 
a  few  grains  of  thi  calomel  in  distilled  water,  filtering  and  testing 
by  sulphuretted  hydrogen  or  sulphydrate  of  ammonium  as  described 
hereafter.  If  corrosive  sublimate  is  present,  the  whole  bulk  of  the 
calomel  must  be  washed  with  hot  distilled  water  till  the  filtrate 
ceases  to  give  any  indications  of  mercury.  Corrosive  sublimate  is 
more  soluble  in  alcohol,  and  still  more  in  ether ;  calomel  insoluble. 
Ether  in  which  calomel  has  bsen  digested  should,  therefore,  after 
filtration,  yield  no  residue  on  evaporation.  Calomel  is  converted 
by  hydrocyanic  acid  into  mercuric  salt,  and  a  black  powder  readily 
yielding  metallic  mercury.  Powell  and  Bayne  have  shown  that  a 
certain  proportion  of  hydrochloric  acid  arrests  this  action. 

Note. — The  above  process  is  that  of  the  Pharmacopoeia ;  hut  cal- 
omel may  also  be  made  by  other  methods.  Calomel  mixed  with  lard 
forms  the  Uaguenlam,  Hydrarcij/ri  Subchloricli,  B.  P.,  with  sulphu- 
rated antimony,  guaiacum  resin,  and  mucilage  of  tragacanth  the 
I'ilu.lce  Aiitimonii  Compositce,  U.  S.  P.,  or  "  Plummers  Pills,''  and 
with  colocynth,  jalap,  and  gamboge  the  Pilidce  Cutharticce  Compo- 
sita,  U.  S.  P. 

The  Two  Oxides. 

Eighth  Synthetical  Reaction. — Evaporate  the  mercuric  niti'ate 
of  the  third  reaction  to  dryness  in  a  small  dish  in  a  fume- 
chamber,  or  in  the  open  air  if  more  than  a  few  grains  have 
been  prepared,  and  heat  the  residue  till  no  more  fumes  arc 
evolved  ;  red  mercuric  oxide  (HgO),  "  Red  Precipitate,"  the 
lied  Oxide  of  Mercury  {Ilijdrarrjyri  Oxidum  liubrum,  U.  S.  P.), 
remains. 

2(Hg2NO,)    =    2  HgO    +    4N0,    +  0, 

Mercuric  Mercuric  Nitric  Oxygoti. 

nitriite.  oxide.  peroxide. 

The  nitric  constituents  of  the  salt  may  he  partially  economized  by 
previously  thoroughly  mixing  with  the  dry  mercuric  nitrate  as  much 
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mercury  as  is  used  in  its  preparation,  or  as  much  as  it  already  con- 
tains (ascertained  by  calculation  from  the  atomic  weijihts  .and  the 
weiirht  of  nitrate  under  operation,  as  in  nuikini^  mercurous  sulphate 
p.  1VJ7),  and  well  heating  the  mixture.  In  this  case  the  free  mercury 
is  also  converted  into  mercuric  oxide.  This  is  the  official  process, 
the  Pharmacoptxjial  quantities  being  four  ounces  of  mercury  dissolved 
in  four  and  a  half  fluidounces  of  nitric  acid  diluted  with  two  ounces 
of  water,  the  solution  evaporated  to  di-yness,  the  residue  thoroughly 
mixed  with  four  ounces  of  mercury,  and  the  whole  heated  until  acid 
vapors  cease  to  be  evolved.  (Mercuric  oxide  is  tested  for  nitrate  by 
heating  a  little  of  the  sample  in  a  test-tube,  when  orange  nitrous 
vapors  are  produced  and  are  visible  in  the  upper  part  of  the  tube, 
if  nitrate  is  present.) 

Hg2N0.,    +    Ilg    =    2IIgO    +  2N0., 

Jlei'curic  Mercurj'.  Mercuric  Nitric 

nitrate.  oxide.  peroxide. 

Mercuric  oxide  is  an  orange-red  powder,  more  or  less  crystalline 
according  to  the  extent  to  which  it  may  have  been  stirred  during 
preparation  from  the  nitrate,  much  rubbing  giving  the  crystals  a 
pulverulent  character.  Mercuric  oxide,  in  contact  with  oxidiz- 
a))le  organic  matter,  is  liable  to  reduction  to  black  or  mercurous 
oxide. 

N'ntli  Synfheiical  Reacliov. — To  solution  of  potash  or  soda, 
or  lime-water,  in  a  test-tube  or  larger  vessel,  add  solution  of 
corrosive  sublimate  or.  of  mercuric  nitrate;  yellow  oxide  of 
mercury  (^Hydrargyri  Oxidum  Flaviim,  U.  S.  P.),  or  yellow 
mercuric  oxide  (HgO),  is  precipitated. 

HgCl,    +    2KH0    =    HgO    -f    2KC1    +  H.,0 

Mercuric  Hydrate  of  Mercuric  Chloride  of  Water, 

chloride.  potassium.  oxide.  potassium. 

The  precipitate  only  differs  physically  from  the  red  mercuric  oxide; 
the  yellow  is  in  a  more  minute  state  of  division  than  the  red.  Mer- 
curic oxide  is  very  slightly  soluble  in  water,  but  sufficiently  so  to 
communicate  a  decidedly  metallic  taste. 

Tenth  Synthetical  Reaction. — To  calomel  add  solution  of  pot- 
ash or  soda,  or  lime-water ;  black  oxide  of  mercury,  or  mer- 
curous oxide  (Hg.^0)  is  produced,  and  may  be  filtered  off, 
washed,  and  dried.  (This  reaction  and  the  formation  of  a 
white  curdy  precipitate,  on  the  addition  of  solution  of  nitrate 
of  silver  to  the  filtrate  from  the  mercurous  oxide,  acidified  by 
nitric  acid,  form  sufficient  evidence  of  a  powder  being  or  con- 
taining calomel.    The  curdy  precipitate  is  chloride  of  silver.) 

Thirty  grains  of  calomel  to  ten  ounces  of  lime-water  form  the  Loiio 
Hydrargyri  Nigra,  B.  P. 

2TIgCl    -f    Ca2lT0  Hg^O    +    CaCl    +  IT^O 

Mercurous  Hydmte  of  Mercurous         Cliloridc'of  Water, 

chloride.  calcium.  oxide.  calcium. 
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(i)  Analytical  Reactiom  (  Testsi). 

(The  mercury  occurring  as  mercuric  or  morcurous  salts.) 

First  Analytical  Reaction. —  The  Capper  Text.  Deposition 
of  mercury  upon,  and  sublimation  from  copper. — Place  a  small 
piece  of  bright  copper,  about  half  an  inch  long  and  a  quarter 
of  an  inch  broad,  in  a  solution  of  any  salt  of  mercury,  mer- 
curous  or  mercuric,  and  heat  in  a  test-tube ;  the  copper  be- 
comes coated  with  mercury  in  a  fine  state  of  division.  (The 
absence  of  any  notable  quantity  of  nitric  acid  must  be  insured 
or  the  copper  itself  will  be  dissolved.  See  notes  below.)  Pour 
away  the  supernatant  liquid  from  the  copper,  wash  the  latter 
once  or  twice  by  pouring  water  into,  and  then  out  of,  the  tube, 
remove  the  metal,  take  oif  excess  of  water  by  gentle  pressure 
in  a  piece  of  filter-paper,  dry  the  copper  by  passing  it  quickly 
through  a  flame,  holding  it  by  the  fingers ;  finally,  place  the 
copper  in  a  dry  narrow  test-tube,  and  heat  to  redness  in  a  flame, 
the  tube  being  held  almost  horizontally  ;  the  mercury  sublimes 
and  condenses  as  a  whitish  sublimate  of  minute  globules  on  the 
cool  part  of  the  tube  outside  the  flame.  The  globules  aggre- 
gate on  gently  pressing  with  a  glass  rod,  and  are  especially 
visible  where  flattened  between  the  rod  and  the  side  of  the  test- 
tube. 

Notes  on  the  Test. — This  is  a  valuable  test,  for  several  reasons : 
It  is  very  delicate  when  performed  with  care.  It  brings  before  the 
observer  the  element  itself — one  which  from  its  metallic  lustre  and 
fluidity  cannot  be  mistaken  for  any  other.  It  separates  the  element 
both  from  mercurous  and  mercuric  salts.  Mercury  can  in  this  way 
readily  be  eliminated  in  the  presence  of  most  other  substances,  or- 
ganic or  inorganfc. 

In  performino;  the  test  the  presence  of  any  quantity  of  nitric  acid 
may  be  avoided  by  adding  an  alkali  until  a  slight  permanent 
precipitate  appears,  and  then  reacidifying  with  a  few  drops  of 
acetic  or  hydrochloric  acid ;  or  by  concentrating  in  an  evap- 
orating-dish  after  adding  a  little  sulphuric  acid,  and  then  re- 
diluting. 

Texts  continued.    (The  mercury  occurring  as  mercuric  salt.) 

Second  Analytical  Reaction. — To  a  few  drops  of  a  solution 
of  a  mercuric  salt  (corrosive  sublimate,  for  example)  add  solu- 
tion of  iodide  of  potassium,  drop  by  drop  ;  a  precipitate  of  mer- 
curic iodide  (Hgl.^)  forms,  and  at  first  quickly  redissolves,  but 
IS  permanent  when  sufficient  iodide  of  potassium  has  been 
added.  Continue  the  addition  of  iodide  of  potassium  ;  the  pre- 
cipitate is  once  more  redissolved. 
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Third  Analytical  Reartion. — Add  a  solution  of  mercuric  salt 
to  solution  of  ammonia,  taking  care  that  the  mixture,  after  well 
stirring,  still  smells  of  ammonia ;  a  white  precipitate  falls. 

Ammoniated  Mercury. 

Performed  in  a  test-tuljo,  this  reaction  is  a  very  delicate  test  of 
tlie  presence  of  a  mercuric  salt;  performed  in  larger  vessels,  the 
mercuric  salt  being  corrosive  sublimate  (3  ounces  dissolved  in  3  pints 
of  distilled  water,  the  solution  poured  into  4  fiuidounces  of  Solution 
of  Ammonia,  and  the  precipitate  washed  and  dried  over  a  water- 
bath),  it  is  the  usual  process  for  the  preparation  of  "  white  precipi- 
tate," the  old  "ammonio-chloride,"  or  "  araido-chloride  of  mercurj'" 
(so  called  because  then  considered  to  he  a  compound  of  mercury 
with  chlorine  and  with  amidot/en,  Nll.^,  or  HgClj,  Hg2NH2,  chloride 
and  amide  of  mercury),  now  known  as  Ammoniated  Mercury  (Hi/- 
dvargyrum  Ammoiiiatum,  U.  S.  P.). 

Constitution  of  Ammoniated  Mercury. — This  precipitate  is  con- 
sidered to  be  the  chloride  of  mercuric  ammonium  (NIIjHg^'Cl) — 
that  is,  chloride  of  ammonium  (NII^Cl),  in  which  two  univalent  atoms 
of  hydrogen  are  replaced  by  one  bivalent  atom  of  mercury. 

HgClj    +    2NH,H0    ^    NII^Hg^'Cl    +    NII^Cl    +  SH^O 

Mercuric  Animouia.  "White  Chloride  of  "Water, 

chloride.  precipitate."  auimuuium. 

Varieties  of  Ammoniated  Mercury. — If  the  order  of  mi.xing  be 
reversed,  and  ammonia  be  added  to  solution  of  mercuric  chloride, 
a  double  chloride  of  mercuric-ammonium  and  mercury  results 
(Nri.2HgCl,HgCy :  it  contains  76.55  per  cent,  of  mercury.  Pre- 
viously to  the  year  1826,  "white  precipitate"  was  officially  made  by 
adding  a  fixed  alkali  to  a  solution  of  equal  parts  of  corrosive  subli- 
mate and  sal-ammoniac  ;  this  gave  a  double  chloride  of  mercuric  am- 
monium and  ammonium  (NH^HgChNII^Cl),  containing  65.57  per 
cent,  of  mercury.  This  compound  is  now  known  as  ^fusible  white 
precipitate,"  because  at  a  temperature  somewhat  below  redness  it 
fuses  and  then  volatilizes.  The  "white  precipitate"  which  has  been 
official  since  1826  contains  79.52  per  cent,  of  mercury.  The  true 
compound  may  be  distinguished  as  infusible  white  precipitate," 
from  the  fact  that  when  heated  it  volatilizes  without  fusing.  An 
ointment  of  this  body  is  official  {Unguentum  Hydrargyri  Ammo- 
niati,  U.  S.  P.).  Prolonged  washing  with  water  converts  "  white 
precipitate"  into  a  yellowish  compound  (NHjHgC^IgO) ;  hence 
the  official  preparation  is  seldom  thoroughly  freed  from  the  chloride 
of  ammonium  which  is  formed  during  its  manufiicture,  and  whicii, 
if  present  in  larger  proportion  than  seven  or  eight  per  cent.,  gives 
to  it  the  character  of  partial  or  complete  fusibility.  With  iodine, 
chlorine,  or  bromine,  white  precipitate  may  yield  the  highly  e.Kplo- 
sivo  iodide,  chloride,  or  bromide  of  nitrogen. 

Note. — Chloride  of  mercuric-ammonium  is  only  one  member  of  a 
large  class  of  compounds  derivable  from  the  various  salts  of  ammo- 
nium by  displacement  of  atoms  of  hydrogen  in  the  molecules  by 
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other  atoms.  The  composition  of  the  chloride  of  mercurous-ammo- 
niuni  (sec  next  page)  and  of  ammonio-nitrate  of  silver  is  consistent 
with  this  view. 
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The  composition  of  the  ammonio-sulphates  of  copper  (pp.  173  an'l 
1<S9)  is  consistent  Avith  the  second  and  third  of  the  following  for- 
mulce,  the  first  being  that  of  sulphate  of  ammonium  : — 


SO, 


The  iodide  of  dimercuric  ammonium  (NHg'^jI)  is  formed  in  test- 
ing for  ammonia  by  the  "Nessler"  reagent  (yicZe  Index).  Troost 
has  obtained  NHAmjCl. 

Fourth  Analytical  Reactiov. — Pass  sulphuretted  hydrogen 
through  a  mercuric  solution  ;  a  black  precipitate  of  mercuric 
sulphide  (HgS)  falls. 

Note. — Sulphuretted  hydrogen  also  precipitates  mercurous  sul- 
phide (HgjS)  from  mercurous  solutions ;  and  in  appearance  the  pre- 
cipitates are  alike  ;  hence  this  reagent  does  not  distinguish  between 
mercurous  and  mercuric  salts.  But  in  the  course  of  systematic 
analysis,  mercuric  salts  are  thrown  down  from  solution  as  sulphide 
after  mercurous  salts  have  been  otherwise  removed.  The  sulphides 
are  insoluble  in  sulphydrate  of  ammonium. 

Note. — An  insufficient  amount  of  the  gas  gives  a  white  or  colored 
precipitate  of  oxysulphide.  Prolonged  contact  with  sulphuretted 
hydrogen-water  or  a  sulphydrate,  especially  when  the  mixture  is 
kept  warm,  converts  the  black  into  a  red  sulphide. 

/Ethiops  Mineral^  the  Hi/drargi/ri  Sulphiiretiim  cum  Siilphnre,  is 
a  mixture  of  sulphide  of  mercury  and  sulphur,  obtained  on  tritu- 
rating the  elements  in  a  mortar  till  globules  are  no  longer  visible. 
Its  name  is  probably  in  allusion  to  its  similarity  in  color  to  the  skin 
of  the  yEthiop.    It  was  formerly  official. 

Vermilinn  or  artificial  cinna.lmr,  is  mercuric  sulphide  prepared  by 
sublimation  {Hi/drarc/j/ri  Svlp/iidum  Riilmim,  U.  S.  P.).  For  a 
ilescription  of  the  Chinese  method  of  manufacturing  it  see  the 
I'harmaceuiicalJournal  for  December  17,  1881. 


Teats  contmncd.    (The  mercury  occurring  as  mercurous  salt.) 

Fifth  Analytical  Reaction. — To  a  solution  of  a  mercurous 
salt  (the  mercurous  nitrate  obtained  in  the  second  synthetical 
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reaction,  for  example)  add  hydrochloric  acid  or  any  soluble 
chloride;  a  white  precipitate  of  calomel  (ligClj  occurs. 

This  reaction  was  formerly  official  in  the  Dublin  Pharma- 
copoeia as  a  process  for  the  preparation  of  calomel. 

Sixth  Analytiad  Reaction. — To  solution  of  a  mercurous 
salt  add  iodide  of  potassium  ;  green  mercurous  iodide  (Hgl) 
is  precipitated. 

Seventh  Analytical  Reaction. — To  a  mercurous  salt,  dissolved 
or  undissolved  (e.  g.  calomel),  add  ammonia ;  black  salt  (e.  (j. 
chloride)  of  mercurous  ammonium  NH^Hg-^Cl)  is  formed  (see 
previous  page). 

Other  Teats  for  Mercury. 

The  elimination  of  mercury  in  the  actual  state  of  metal  by 
the  copper  test,  coupled  with  the  production  or  non-production 
of  a  white  precipitate  on  the  addition  of  hydrochloric  acid  to 
the  original  solution,  is  usually  sufficient  evidence  of  the  pres- 
ence of  mercury  and  its  existence  as  a  mercurous  or  mercuric 
salt.  But  other  tests  may  sometimes  be  applied  with  advan- 
tage. Thus,  metallic  mercury  is  deposited  on  placing  a  drop 
of  the  solution  on  a  plate  of  gold  (sovereign  or  half  sovereign), 
and  touching  the  drop  and  the  edge  of  the  plate  simultaneously 
with  a  key ;  an  electric  current  passes,  under  these  circum- 
stances, from  the  gold  to  the  key,  and  thence  through  the 
liquid  to  the  gold,  decomposing  the  salt,  the  mercury  of  which 
forms  a  white  metallic  spot  on  the  gold,  while  the  other  ele- 
ments go  to  the  iron.    This  is  called  the  galvanic  test,  and  is 

useful  for  clinical  purposes.  Solution  of  stannous  chloride 

(SnCl.^) — see  Index — from  the  readiness  with  which  it  forms 
stannic  salts  (SnCU,  SnOj,  etc.),  gives  a  white  precipitate  of 
mercurous  chloride  in  mercuric  solutions,  and  quickly  still 
further  reduces  this  mercurous  chloride  (and  other  mercury- 
salts)  to  a  grayish  mass  of  finely  divided  mercury  ;  this  is  the 
old  magpie  test,  probably  so  called  from  the  white  and  gray 
appearance  of  the  precipitate.  The  reaction  may  even  be  ob- 
tained from  such  insoluble  mercury  compounds  as  "  white  pre- 
cipitate." Confirmatory  tests  for  mercuric  and  mercurous 

salts  will  be  found  in  the  action  of  solution  of  potash,  solution 
of  soda,  lime-water,  solution  of  ammonia,  and  solution  of  iodide 

of  potassium.    (  Vide  pages  201  to  204.)  Normal  alkaline 

carbonates  produce  yellowish  mercurous  carbonate  and  brown- 
ish-red mercuric  carbonate,  both  of  them  unstable.  Al- 
kaline bicar])onates  give  mercurous  carbonate  with  mercurous 
salts,  and  M'ith  mercuric  salts  white  (becoming  red)  mercuric 
oxysalt.  Yellow  chromate  of  potassium  (KjCrO,)  gives  with 
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mercurous  salts,  a  red  precipitate  of  mercurous  chromate 

(HgjCrO^).  Mercury  and  all  its  compounds  are  volatile, 

many  of  them  being  decomposed,  at  the  same  time  yielding 
globules  of  condensed  metal :  the  experiment  is  most  con- 
veniently performed  in  a  test-tube.  All  dry  compounds  of 

mercury  are  decomposed  Avhen  heated  in  a  dry  test-tube  with 
dried  carbonate  of  sodium,  mercury  subliming  and  condensing 
in  visible  globules  or  as  a  whitish  deposit  yielding  globules 
when  rubbed  with  a  glass  rod. 

Antidote. — Albumen  gives  a  white  precipitate  with  solution 
of  mercuric  salts  ;  hence  the  importance  of  administering  white 
of  egg  while  waiting  for  a  stomach-pump  in  cases  of  poisoning 
by  corrosive  sublimate. 


QUESTIONS  AND  EXERCISES. 

293.  Name  the  chief  ore  of  mercury,  and  describe  a  process  for 
the  extraction  of  the  metal. 

294.  Give  the  properties  of  mercury. 

295.  In  what  state  does  mercury  exist  in  "  Gray  Powder"  ? 

296.  What  other  preparations  of  metallic  mercury  itself  are  em- 
ployed in  medicine? 

297.  State  the  relation  of  the  mercurous  to  the  mercuric  com- 
pounds. 

298.  Distinguish  Ijetween  an  alloy  and  an  amalfiam. 

299.  State  the  formulte  of  the  two  Iodides  of  Mercury. 

300.  Under  what  circumstances  does  mercuric  iodide  assume  two 
different  colors? 

301.  Illustrate  the  chemical  law  of  Multiple  Proportions  as  ex- 
plained by  the  atomic  theory,  employing  for  that  purpose  the  stated 
composition  of  the  two  iodides  of  mercury. 

302.  Write  down  the  formula3  of  Mercurous  and  Mercuric  Ni- 
trates and  Sulphates. 

303.  How  is  Mercuric  Sulphate  prepared  ? 

304.  What  is  the  formula  of  "  Turpeth  Mineral  "  ? 

30.5.  Describe  the  processes  necessary  for  the  conversion  of  nu>r- 
cury  into  Calomel  and  Corrosive  Sublimate,  using  diagrams. 

306.  Why  is  black  oxide  of  manganese  sometimes  mixed  with  the 
other  ingredients  in  the  preparation  of  CoiTOsive  Sublimate? 

307.  Give  the  chemical  and  physical  points  of  difference  between 
Calomel  and  Corrosive  Sublimate. 

308.  How  may  a  small  quantity  of  Calomel  in  Corrosive  Subli- 
mate be  detected  ? 

309.  Work  out  a  sum  showing  how  much  mercury  will  be  required 
m  the  manufacture  of  one  ton  of  Calomel.    Ans.  17  cwt.  nearly. 

310.  Mention  official  preparations  of"  tlie  chlorid(!s  of  mercury. 

311.  Give  tlie  formula;  and  mode  of  formation  of  the  Red,  Yellow, 
and  Black  Oxides  of  Mercury,  employing  diagrams. 

J8 
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312.  Explain  the  action  of  the  chief  coneral  tost  for  mercnr3\ 
3111  IIow  are  mercurous  and  mei'curic  salts  analytically  distin- 
guished ? 

314.  Give  a  probable  view  of  the  constitution  of  Hydrargyrum 
Ammonialum,  and  an  equation  showing  how  it  is  made. 

315.  What  is  the  best  temporary  antidote  in  cases  of  poisoning 
by  mercui-y? 


LEAD. 

Symbol  Pb.    Atomic  weight  206.5. 

Source. — The  ores  of  lead  are  numerous  ;  but  the  one  form  which 
the  metal  is  chiefly  obtained  is  the  sulphide  of  lead  (PbS),  or  galena 
(from  yakr/vrj,  galene,  tranquillity,  perhaps  from  its  supposed  effect 
in  allaying  pain). 

Preparation. — The  ore  is  first  roasted  in  a  current  of  air ;  much 
sulphur  is  thus  burnt  off  as  sulphurous  acid  gas,  while  some  of  the 
metal  is  converted  into  oxide  and  a  portion  of  the  sulphide  oxidized 
to  sulphate.  Oxidization  being  stopped  when  the  mass  presents 
certain  appearances,  the  temperature  is  raised,  and  the  oxide  and 
sulphate,  reacting  on  undecomposed  sulphide,  yield  the  metal  and 
much  sulphurous  acid  gas : — 

2PbO  +  PbS  =  Pba  +  SO, 
PbSO,  +  PbS  =  Pbj  +  280,. 

ZTses. — The  uses  of  lead  are  well  known.  Alloyed  Avith  arscn- 
icum  it  forms  common  shot,  with  antimony^  gives  type-metal,  with 
tin  solder,  and  in  smaller  quantities  enters  into  the  composition  of 
Britannia  metal,  pewter,  and  other  alloys.  Lead  is  so  slightly 
attacked  by  acids  that  chemical  vessels  and  instruments  are  often 
made  of  it.  Even  hot  hydrochloric  acid  only  slowly  converts  it  into 
chloride  of  lead,  with  evolution  of  hydrogen.  Sulphuric  acid  by 
aid  of  air  only  very  slowly  attacks  it,  with  formation  of  sulphate  of 
lead  and  water.  Even  nitric  acid  very  slowly  converts  it  into 
nitrate,  with  evolution  of  nitric  oxide  and  nitrous  oxide  gases  and 
water. 

The  salts  of  lead  used  in  pharmacy  and  all  other  preparations 
of  lead  are  obtained,  directly  or  indirectly,  from  tiie  metal  itself. 
Heated  in  a  current  of  air,  lead  combines  with  oxygen  and  forms 
oxide  of  lead  (P1)0)  {Plumln  Oxidum,  U.  S.  P.),  a  yellowish  powder 
(massicot),  or  if  fused  and  solidified  a  ))righter  reddish-yellow  heavy 
mass  of  bright  scales,  termed  litharge  (from  ?J(h(:,  lithos,  a  stone,  and 
apyvpog,  arguros,  silver).  It  is  from  tiiis  oxide  that  the  cliief  lead 
compounds  are  obtained.  Oxide  of  lead,  b}'  further  roasting  in  a 
current  of  air,  yields  red  lead  (or  minium),  Phfii,  or  PbO._,2PbO. 
Both  oxides  are  much  used  by  painters,  paper-stainers,  and  glass- 
manufacturers.  White  lead  is  a  mixture  of  carbonate  (PbCOj)  and 
hydrate  of  lead  (Pb2II0)  (commonly  2  molecules  of  the  former  to  I 
of  the  latter),  usually  ground  up  with  about  7  per  cent,  of  linseed 
oil ;  it  is  made  by  exposing  lead,  cast  in  spirals  or  little  gratings,  to 
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tlie  action  of  air,  acetic  fumes,  and  carbonic  acid,  the  latter  gen- 
erated from  decaying  vegetable  nmtter,  such  as  spent  tan  ;  oxyace- 
tate  of  lead  slowly  but  continuously  forms,  and  is  as  continuously 
decomposed  by  the  carbonic  a{;id,  with  production  of  hydrate  and 
carbonate,  or  (/;■//  white  lead.  The  grating-like  masses,  when  ground, 
form  the  heavy  white  pulverulent  official  Pliunhi  Curbonas,  U.  S.  P. 
The  latter  is  the  active  constituent  of  Ungueiiiuin  Plumhi  Carbonatis, 
U.  S.  P.,  the  old  Unguenlmn  Cerussce. 

Lead  compounds  are  poisonous,  producing  saturnine  colic,  or  even 
paralysis.  These  effects  ai"e  termed  saturnine  from  an  old  name  of 
lead,  Saturn.  The  alchemists  called  lead  Saturn,  first,  because  they 
thought  it  the  oldest  of  the  seven  then  known  metals,  and  it  might 
therefore  be  compared  to  Saturn,  who  was  supposed  to  be  the  father 
of  the  gods ;  and,  secondly,  because  its  power  of  dissolving  other 
metals  recalled  a  peculiarity  of  Saturn,  who  was  said  to  be  in  the 
habit  of  devouring  his  own  children. 

Quantivulenre. — The  atom  of  lead  is  sometimes  quadrivalent 
(Pb'^^') ;  but  in  most  of  the  compounds  used  in  medicine  it  exerts 
bivalent  activity  only  (Pb"). 

Keactions  having  {a)  Synthetical  and  (J))  Analytical 

Interest. 

'  (o")  Synthetical  Reactions. 

Acetate  of  Lead. 

First  Synthetical  Reaction. — Place  a  few  grains  of  oxide  of 
lead  in  a  test-tube,  add  about  an  equal  weight  of  water  and 
two  and  a  half  times  its  weight  of  acetic  acid,  and  boil ;  the 
oxide  dissolves  (or,  rather,  disappears — dissolves  with  simul- 
taneous decomposition)  and  forms  a  solution  of  acetate  of  lead 
(Pb2C2H30.,).  When  cold,  or  on  evaporation  if  much  water 
has  been  used  (the  solution  being  kept  faintly  acid),  crystals 
of  acetate  of  lead  (Pb2C2H,iO,.,3H.,0)  are  deposited.  Larger 
(juantities  are  obtained  by  the  same  method. 

PbO  -f  2HCJT:,0,  -  Pb2C,H,0,  +  H,0 

Oxide  of  lead.      Acetic  acid.  Acetate  of  lead.  Water. 

This  is  the  official  Plumbi  Aceias,  U.  S.  P.  The  salt  is  termed 
Sugar  of  Lead,  from  its  sweet  taste.  Besides  its  direct  use  in  Phar- 
macy, it  forms  three-fourths  of  the  Pibda  Pluvdn  cum  Opio,  B.  P. 

Subacetate  or  Oxyacetate  of  Lead. 

Second  Si/nthetical  Reaction.- — Boil  acetate  of  lead  Avith 
about  four  times  its  weight  of  water,  and  rather  more  than 
two-thirds  its  weight  of  oxide  of  lead ;  the  resulting  filtered 
liquid  is  solution  of  oxyacetate  of  lead,  .Liquor  Plumhi  Sub- 
acetntis,  U.  S.  P. 
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The  official  TAqiior  is  made  hy  Ijoiling  170  parts  of  acetate  and 
120  of  oxide  in  800  of  distilled  wat(!r  for  half  an  hour  (eonstantly 
stirring),  tilterinir,  and  making  up  for  any  loss  during  evaporation 
by  diluting  the  filtrate  with  boiled  and  cooled  distilled  water  until 
it  weighs  lOOU  parts.    Sp.  gr.  1.22S. 

A  similar  solution  was  used  by  M.  Goulard,  who  called  it  Exlrac- 
tum  Satunii,  and  drew  attention  to  it  in  1770.  It  is  now  frequently 
termed  Goidanl's  Extract.  A  more  dilute  solution,  3  of  Liquor  and 
97  of  boiled  and  cooled  distilled  water,  is  also  official  in  the  Phar- 
macopojia,  under  the  name  of  Liquor  Pliiinln  Sabacetatis  Dilatiis. 
The  latter  is  commonly  known  as  Goalard  Water  or  "  Lead  Water."' 
The  stronger  solution  is  the  chief  ingredient  in  Ceratum  Plnmbi 
Sulmceiatis,  U.  S.  P.,  a  slight  moditicatiou  of  the  old  Goulard's 
Cerate. 

Oxyacetates  of  Lead. — The  official  suhacetate  of  lead  is  not  a 
definite  chemical  salt.  It  is  probably  a  mixture  of  two  subaeetates 
of  lead,  which  are  well-known  crystalline  compounds,  and  which  the 
author  is  disposed  to  regard  as  having  a  constitution  similar  to  that 
he  has  already  indicated  for  some  other  salts  (see  Iron  and  Antinion}-, 
also  Bisnxuth).  Exposed  to  aii'  it  absorbs  carbonic  acid  gas,  and 
hydrato-carbonate  of  lead  is  deposited. 

Acetate  of  Lead  (3  molecules)     .    .  V\\  GCjHjO., 

U  S  P    \  fyi'O'Oxyji'Cetate  of  lead     ....  Pb304C2H302 

I  Goulard's  oxyacetate  of  lead  .    .    .  Pb3022C2H302 

Oxide  of  lead  (3  molecules)    .    .    .  PbjOj. 

P1)0    +    Pb2C,Tl302    =  Pb202C2H.,0„ 

Oxitle  of  Acetate  of  Official  "subacetate." 

lead.  lead. 

or  SPbO  +  3(Pb2CJT.,02)    =    Pb.,04CJT.,0.,    +  Pb;,0.,2C.,II.,02 

Oxide  of  Acetate  of  Pyro-oxjacetate.         Goulanl's  oxyacetate. 

lead.  lead.  The  official "  siibacetute." 


Nitrate  of  Lead.   Red  Lead.   Peroxide  of  Lead. 

Third  Si/ntheHcal  Reaction. — Digest  a  few  grains  of  red  lead 
in  nitric  acid  and  water ;  nitrate  of  lead  (Pb2N0:,)  i.s  formed, 
and  remains  in  solution,  while  a  jjuce-colored  peroxide  of  lead 
(PbOj)  is  precipitated. 

Nitrate  of  Lead  (Pliimbi  Nitras,  U.  S.  P.)  is  more  directly  made 
by  dissolving  litharge  (PbO)  in  nitric  acid — 

PbO  +  2HNO3  =  Pb2N03  +  HjO; 

but  the  former  reaction  serves  to  bring  before  the  reader  two  other 
oxides  of  lead,  namely,  red  lead  (PljjO  j  and  peroxide  of  lead  (PhO,). 
In  the  latter  oxide  the  quadrivalent  character  of  load  is  obvious. 
Nitrate  of  lead  is  used  officially  in  preparing  iodide  of  lead  :  for  this 
purpose  the  above  mixture  is  filtered,  the  precipitate  of  peroxide  of 
lead  purified  from  adhering  nitrate  by  passing  hot  water  through 
the  filter,  the  filtrate  and  washings  evaporated  to  dryness  to  remove 
excess  of  nitric  acid,  the  residual  nitrate  of  lead  redissolved  by  ebul- 
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lition  with  a  small  quantity  of  hot  water,  and  tlie  solution  sot  aside 
to  crystallize,  or  a  portion  at  once  used  for  the  following  experiment. 
Nitrate  of  lead  forms  white  crystals  thsrived  from  octahedra. 

Peroxide  of  lead  dissolved  in  strong  hydrochloric  acid  apparently 
yields  an  unstable  perchloridc  (PbOl^). 

Iodide  of  Lead. 

Fourth  Si/nthefkal  Reaction. — To  a  neutral  solution  of  ni- 
trate of  lead  add  solution  of  iodide  of  potassium  ;  a  precipitate 
of  iodide  of  lead  (Pbl,)  falls  {PlumbI  rodiduvi,  U.  S.  P.).  It 
is  soluble  in  solution  of  chloride  of  aninioniuni.  Equal  weights 
of  the  salts  may  be  used  in  making  large  quantities. 

Pb2N03    +    2KI    =    Pbl,    +  2KNO3 

Nitrate  of  lodiile  of  Iodide  of  NiUate  of 

lead.  potassium.  lead.  potassium. 

Ci-yatah  of  Iodide  of  Lead. — Heat  the  iodide  of  lead  with 
the  supernatant  li(]uid,  and  if  necessary  filter ;  the  salt  is  dis- 
solved, and  again  separates  in  golden  crystalline  scales  as  the 
solution  cools. 


Oleate  of  Lead  (Lead  Plaster). 

Fifth  Synthetical  Ri-action. — Boil  together  in  a  small  dish 
some  very  finely-powdered  oxide  of  lead,  with  nearly  twice  its 
weight  of  olive  oil,  and  ten  or  twenty  times  as  much  water, 
well  stirring  the  mixture,  and  from  time  to  time  replacing 
water  that  has  evaporated ;  the  product  is  a  white  mass  of 
oleate  of  lead  (Pb2C,8H3302),  glycerin  remaining  in  solution 
in  the  water.  Larger  quantities  are  prepared  in  the  same 
manner. 

3PbO    +    3H.,0    +  2(C,H53C,8H,,:,0.,) 

Oxide  of  Water.  Oleate  of  glyceryl 

lead.  (olive-oil  or  oleine). 

3(Pb2C,HH.,,0,)      +  2(C.,H53HO) 

Oleate  of  lead  Hydiato  of  glyceryl 

(lead  plaster).  (glyccriu). 

The  action  between  the  oxide  of  lead  and  olive  oil  is  slow,  requir- 
ing several  hours  for  its  completion. 

The  (/li/cenii  may  be  obtained  by  treating  the  aqueous  product  of 
the  aV)OVC  rijaetion  with  sulphuretted  hydrogen  to  remove  a  trace  of 
le.ad,  then  digesting  with  animal  (ihareoal,  filtering  and  evaporating. 
But  on  tlie  large  scale  glycerin  is  produced  as  a  by-product  in  the 
manufacture  of  candles,  for  its  (dements  are  found  in  nearly  all 
vegetaiile  and  animal  fats.  (  I'idi:  Index.)  If  in  making  lead  phxster 
the  mixture  be  evaporated  to  dryness  {Emj>htstrum  Pltunln,  U.  S.  P.), 
some  of  the  glycerin  will  escape  with  the  steam  and  some  remain 
with  the  plaster. 

18  * 
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Modes  of  forming  (■/iloride,  snlphide,  chrornate,  sulphate,  h/drate, 
and  other  salts  of  lead  are  incidentally  described  in  the  following 
analytical  paragraphs. 

(6)  Reactions  having  Anali/tiral  Interest  (^Test.x). 

First  Analytical  Rpactinn. — To  a  solution  of  lead  salt  (ace- 
tate, for  example)  add  hydrochloric  acid ;  a  white  precipitate 
of  chloride  of  lead  (PbCl.)  is  obtained.  Boil  the  precipitate 
with  much  water ;  it  dissolves,  but,  on  the  solution  cooling,  is 
redeposited  in  small  acicular  crystals.  Filter  the  cold  solution, 
and  pass  sulphuretted  hydrogen  through  it ;  a  black  precipitate 
(sulphide  of  lead,  PbS)  shows  that  the  chloride  of  lead  is  sol- 
uble to  a  slight  extent  in  cold  water. 

Note. — A  white  precipitate  on  the  addition  of  h3'drochloric  acid, 
soluble  in  hot  water,  and  blackened  by  sulphuretted  hj'drogen,  suf- 
ficiently distinguishes  lead  salts  from  those  of  other  metals,  but  the 
non-production  of  such  a  precipitate  does  not  prove  the  absence  of 
a  small  quantity  of  lead,  chloride  of  lead  being  slightly  soluble  in 
cold  water.  Hydrochloric  acid  will  be  found  to  be  a  useful  but  not 
a  delicate  test  for  lead.  • 

S'cond  Analytical  Reartion. — Through  a  dilute  solution  of 
a  lead  salt  acidulated  with  hydrochloric  acid  pass  sulphuretted 
hydrogen  ;  a  black  precipitate  of  sulphide  of  lead  (PbS)  occurs. 

Lead  in  Water. — The  foregoing  is  a  very  delicate  test.  Should  a 
trace  of  lead  be  present  in  water  used  for  drinking  purposes,  sulphur- 
etted hydrogen  will  detect  it.  On  passing  the  gas  through  a  pint 
of  such  acidulated  water,  a  brownish  color  is  produced.  If  the  tint 
is  scarcely  perceptible,  set  the  liquid  aside  for  a  day ;  the  ga,s  will 
become  decomposed  and  a  thin  layer  of  sulphur  be  found  at  the 
bottom  of  the  vessel,  white  if  no  lead  be  present,  but  more  or  less 
brown  if  it  contain  sulphide  of  lead. 

Third  Analytical  Reaction. — To  solution  of  a  lead  salt  add 
sulphydrate  of  ammonium  ;  a  black  precipitate  of  sulphide  of 
lead  falls,  insoluble  in  excess. 

Fourth  Analytical  Reaction. — To  solution  of  a  lead  salt  add 
solution  of  chromate  of  potassium  (K^CrOj)  ;  a  yellow  precipi- 
tate of  chromate  of  lead  (PbCr04)  is  formed,  insoluble  in  weak 
acids  or  in  solution  of  chloride  of  ammonium. 

Chromes. — This  reaction  has  technical  as  Avell  as  analytical  in- 
terest. The  precipitate  is  the  common  pigment  termed  r/ir«we  ;/eZ- 
loiu  or  lemon  chrome.  Boiled  with  lime  and  water,  a  portion  of  the 
chromic  radical  is  removed  as  soluble  chromate  of  calcium,  and  an 
oxychromate  of  lead,  of  a  bright  red  or  orange  color  {orange  chrome), 
is  produced. 

Fifth  Analytical  Reaction. — To  solution  of  a  lead  salt  add 
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dilate  sulphuric  acid,  or  a  solution  of  a  sulphate  ;  a  white  pre- 
cipitate of  sulphate  of  lead  (PbSO.,)  falls. 

Sidphafc  of  lead  is  slightly  soluble  in  strong  acids,  and  in  solu- 
tions of  alkaline  salts;  it  is  insoluble  in  acetic  acid.  It  i.s  readily 
dissolved  and  indeed  decomposed  by  solution  of  acetate  of  ammonium, 
the  liquid  yielding  the  ordinary  reactions  with  soluble  chromates  and 
iodides. 

In  dilute  solutions  the  above  sulphuric  reaction  does  not  take  place 
immediately  ;  the  precipitate,  however,  falls  after  a  time  ;  its  appear- 
ance may  be  hastened  by  evaporating  the  mixture  nearly  to  dryness 
and  then  rediluting. 

The  white  precipitate  always  noticed  in  the  vessels  in  which  diluted 
sulphuric  acid  is  kept  is  sulphate  of  lead,  derived  from  the  leaden 
chambers  in  which  the  acid  is  made ;  solubility  in  strong  acid  and 
insolubility  in  weak  explains  its  appearance. 

Antidotes. — From  the  insolubility  of  sulphate  of  lead  in  water,  the 
best  antidote,  in  a  case  of  poisoning  by  the  acetate  or  other  soluble 
salt  of  lead,  is  a  soluble  sulphate,  such  as  Epsom  salt,  sulphate  of 
sodium  or  alum,  vomiting  being  also  induced,  or  the  stomach-pump 
applied  as  quickly  as  possible. 

Other  tests  for  lead  will  be  found  in  the  reaction  with  io  Hde 
of  potassium  (vide  p.  209)  ;  with  alkaline  carbonates,  a  white 
precipitate  (2PbC0:,  +  Pb2H0)  insoluble  in  excess;  with 
alkalies,  a  white  precipitate  (Pb2H0)  more  or  less  soluble  in 
excess;  with  alkaline  phosphates,  arseniutes,  ferrorijanides,  and 
ci/anides,  precipitates  mostly  insoluble,  but  of  no  special  analy- 
tical interest.  Insoluble  salts  of  lead  are  decomposed  by  solu- 
tions of  potash  (KHO)  or  soda  (NaHO). 

The  metal  is  precipitated  in  a  beautifully  crystalline  state  by 
metallic  zinc  and  some  other  metals ;  the  lead  tree  is  thus 
formed.  The  hlowpipi -flame  decomposes  solid  lead  com- 
pounds placed  in  a  small  cavity  in  a  piece  of  charcoal,  a  soft 
malleable  bead  of  metal  being  produced,  and  a  yellowish  ring 
of  oxide  deposited  on  the  charcoal. 


QUESTIONS  AND  EXERCISES. 

316.  Write  down  equations  descriptive  of  the  smelting  of  galena. 

317.  Mention  some  of  the  alloys  of  lead. 

318.  How  is  litharge  produccMl? 

319.  Give  the  formulae  of  white  lead  and  red  lead. 

320.  Describe  the  manufacture  of  white  leiul. 

321.  What  is  the  quantivalence  of  lead? 

322.  Draw  a  diagram  expressive  of  the  formation  of  ordinary  Ace- 
tate of  Lead. 

323.  Describe  the  prcp.aration  and  composition  of  Liquor  Plumbi 
Suba^ietatin. 
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324.  What  is  the  action  of  nitric  acid  on  red  lead,  litharge,  and 
metallic  lead  ? 

325.  How  is  the  official  Iodide  of  Lead  prepared? 

326.  Describe  the  reaction  between  oxide  of  lead,  water,  and  olive 
oil,  at  the  temperature  of  boiling  water,  and  give  chemical  formulaB 
explanatory  of  the  constitution  of  the  products. 

327.  Mention  the  chief  tests  for  lead. 

328.  How  would  you  search  for  lead  in  potable  water? 

329.  What  is  the  composition  of  chrome  yellow? 

330.  State  a  method  whereby  lead,  barium,  and  silver  may  be 
separated  from  each  other. 

331.  Name  the  best  antidote  in  case  of  poisoning  by  the  soluble 
salts  of  lead. 


SILVER. 

Symbol  Ag.    Atomic  weight  107.7. 
Source. — This  element  occurs  in  nature  in  the  free  state  and  as 
ore,  the  common  variety  of  the  latter  being  sulphide  of  silver  (AgjS) 
in  combination  with  much  sulphide  of  lead,  forming  argentiferous 
galena. 

Preparation. — The  lead  from  such  galena  (p.  206)  is  melted  and 
slowly  cooled  ;  crystals  of  lead  separate  and  are  raked  out  from  the 
still  fluid  mass,  and  thus  an  alloy  very  rich  in  silver  is  finally  ol> 
tained  :  this  is  roasted  in  a  current  of  air,  whereby  the  lead  is  oxi- 
dized and  removed  as  litharge,  pure  silver  remaining.  Other  ores 
undergo  various  preparatory  treatments  according  to  their  nature, 
and  are  then  shaken  with  mercui-y,  which  amalgamates  with  and 
dissolves  the  particles  of  silver,  the  mercury  being  subsequently  re- 
moved from  the  amalgam  by  distillation.  Soils  and  minerals  con- 
taining metallic  silver  are  also  treated  in  this  way.  An  important 
improvement  in  the  amalgamation  process,  by  which  the  mercury 
more  readily  unites  with  the  silver,  consists  in  the  addition  of  a 
small  proportion  of  sodium  to  the  mercury — a  discovery  simul- 
taneously made  in  England  by  Crookes,  and  in  New  York  by  Wurtz. 
Silver  is  not  readily  affected  by  the  Aveak  acids  or  other  fluids  of 
food,  though  it  is  rapidly  tarnished  by  sulphur  or  sulphur  com- 
pounds. It  does  not  perceptil)ly  attack  hydrochloric  acid ;  i-educes 
strong  nitric  acid  to  nitrous  anhydride  (N^.,0.,).  and  a  weaker  acid  to 
nitric  oxide  (NO) ;  it  reduces  hot  sulphuric  acid  to  sulphurous  anhy- 
dride (SOj),  sulphate  of  silver  (Ag.^SO^)  being  formed.  The  latter 
salt  is  crystalline  and  slightly  soluble  in  water. 

Reactions  having  (r/)  Synthetical  .vnd  (/>)  Analytical 

Interest. 
(a)  Si/ntlielical  Reaction. 

Impure  Nitrate  of  Silver. 

First  Sj/nthi'tical  Reaction. — Dissolve  a  silver  coin  in  nitric 
acid ;  nitric  oxide  gas  (NO)  and  nitrous  anhjxlride  (N.jO;,)  are 
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evolved,  and  a  solution  of  nitrates  of  silver  and  copper  is  ob- 
tained. 

Silcer  Coinage. — Pure  silver  is  too  soft  for  use  as  coin  ;  it  is  there- 
fore hardened  by  alloyini;  with  copper.  The  silver  money  of  Eng- 
hind  contains  7.5,  of  Prussia  25,  and  of  France  10  and  Ki.S  percent, 
of  copper ;  for  tiie  fineness  of  the  French  standard  silver  is  ().'.10()  in 
the  five-franc  piece,  while  an  inferior  alloy  of  0.835  is  used  for  the 
lower  denominations.  The  single-franc  piece,  composed  of  the  latter 
alloy,  is  still  made  to  weigh  five  grammes,  the  weight  originally 
chosen  for  the  franc  as  the  unit  of  the  monetary  scale  wiien  the  fine- 
ness of  the  coin  was  0.900.  It  has  now  become  a  token,  like  the 
British  shilling,  of  which  the  nominal  value  exceeds  the  metallic 
vakie.  One  pound  troy  of  British  standard  silver  is  coined  into  ()6 
shillings,  of  which  the  metal  is  worth  from  fiO.s-.  to  (j2,s'.  according  to 
the  market  price  of  silver.  The  standard  fineness  of  this  silver  is 
0.925,  three  alloy  in  40.  Bi'itish  silver  coins  are  a  legal  tender  in 
payments  to  the  amount  of  40s.  only. 

Chloride  of  Silver. 

S'-covd  Si/nfhrtical  Reacfioii. — To  the  product  of  the  forego- 
-  ing  reaction  add  water  and  hydrochloric  acid  or  a  soluble  chlo- 
ride ;  white  chloride  of  silver  (AgCl)  is  precipitated,  copper  still 
remaining  in  solution.    Collect  the  precipitate  on  a  filter,  and 
wash  with  water ;  it  is  pure  chloride  of  silver. 

Note. — The  nitrates  of  silver  and  copper  may  also  be  separated  by 
evaporating  the  solution  of  the  metals  in  nitric  acid  to  dryness,  and 
irently  heating  the  residue,  when  the  nitrate  of  copper  is  decom- 
posed, but  the  nitrate  of  silver  is  unaffected.  The  latter  may  be  dis- 
solved from  the  residual  oxide  of  copper  by  water. 

Chloride  of  silver  may  be  obtained  in  crystals  by  evaporation 
of  its  solution  in  ammonia. 

Pure  Silver. 

Third  Sijnthelical  Reaction. — Place  the  chloride  of  silver  of 
the  previous  reaction  in  a  dish,  wet  it  with  dilute  sulphuric 
acid,  and  float  a  piece  of  sheet  zinc  on  the  mixture ;  metallic 
silver  is  precipitated,  and  after  about  one  day  wholly  removed 
from  solution.  Collect  the  precipitate  on  a  filter  and  wash  with 
water ;  it  is  pure  metallic  silver,  and  is  readily  fusible  into  a 
single  button. 

Note. — Any  considerable  quantity  of  chloride  of  silver  may  also 
be  reduced  to  the  metallic  state  l>y  fusion,  in  a  crucible,  with  about 
half  its  weight  of  carbonate  of  sodium. 

Pure  Nitrate  of  Silver. 

Ffiiirfh  {^i/rilhetical  Rmrtion. — Dissolve  the  pure  silver  of  the 
previous  reaction  in  nitric  acid  (3  of  silver  re(|uire  about  2  or 
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2i-  of  strong  acid  diluted  with  5  of  water),  and  remove  excess 
of  acid  by  evaporating  the  solution  to  dryness,  slightly  heating 
the  residue  ;  the  product  is  pure  nitrate  of  silver.  Dissolve  by 
heating  with  a  small  quantity  of  water ;  on  the  solution  cooling, 
or  on  evaporation,  colorless  tabular  crystals  of  nitrate  of  silver 
are  obtained. 

3Ag,    +    8HN0;,    =    2N0    +    GAgNO,    +  411,0 

Silver.  Nitriu  acid.  Nitric  Nitrate  of  Water. 

oxide.  silver. 

Notes. — The  solution  of  pure  or  refined  silver  {Arrjcntnm  Purifi- 
catum,  B.  P.)  in  nitric  acid,  evaporation,  and  crystallization  consti- 
tutes the  usual  process  for  the  preparation  of  the  nitrate  {Ar<jenii 
Nitras,  U.  S.  P.).  The  salt  fused  with  4  per  cent,  of  hydrochloric 
acid  (yielding  about  5  per  cent,  of  interlacing  chloride  of  silver), 
and  poured  into  proper  moulds,  yields  the  white  e^dindrical  sticks 
or  rods  {Argenti  Nitras  Fusus,  U.  S.  P.)  commonly  termed  caustic 
(from  Kaiu,  kaio,  I  burn),  or  lunar  caustic.  (The  alchemists  called 
silver  Diana  or  Luna,  from  its  supposed  mysterious  connection  with 
the  moon.)    These  "  caustic  points"'  commonly  contain  nitrate  of 

Eotassium,  which  imparts  toughness,  the  Argenii  Kitras  Diltitus, 
.  S.  P.,  being  formed  of  equal  weights  of  the  salts.  The  specimen 
of  nitrate  of  silver  obtained  in  the  aliove  reaction,  dissolved  in 
water,  will  be  found  useful  as  an  analytical  reagent.  Nitrate  of 
silver  is  soluble  in  rectified  spirit;  but  after  a  time  reaction  and 
decomposition  occur. 

Silver  salts  are  decomposed  when  in  contact  with  organic  matter, 
especially  in  the  presence  of  light  or  heat,  the  metal  itself  being  lib- 
erated, or  a  black  insoluble  compound  formed.  Hence  the  value  of 
the  nitrate  in  the  manufacture  of  indelible  ink  for  marking  linen ; 
hence,  too,  the  reason  of  the  practice  of  rendering  silver  solutions 
clear  by  subsidence  and  decantation,  rather  than  by  filtration  through 
paper ;  and  hence  the  cause  of  those  cases  of  actual  combustion 
which  have  been  known  to  occur  in  preparing  pills  containing  oxide 
of  silver  and  essential  oil  or  other  organic  matter.  Linen  marked 
with  such  ink  should  not  be  cleansed  by  aid  of  bleaching-liquor,  as 
the  marked  parts  are  then  apt  to  be  rapidly  oxidized  into  perfectly 
rotten  matter,  holes  resulting.  Paul  says  the  reaction  is  as  follows : 
Ag,0  +  CaClA  =  2AgCl  +  CaO  +  0,. 

Oxide  of  Silver. 

Fifth  SyntliPticnl  Reaction. — To  a  few  drops  of  solution  of 
nitrate  of  silver  add  solution  of  potash  or  soda  or  lime-water; 
an  olive-brown  precipitate  of  oxide  of  silver  (Ag.jO)  occurs. 
The  washed  and  dried  oxide,  like  most  silver  compounds,  is 
decomposed  by  heat,  with  production  of  metal.  It  is  also 
readily  reduced  when  triturated  with  oxidizable  or  combusti- 
ble substances.    (See  the  previous  paragraph). 
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The  Argeiiti  Oxidiim,  U.  S.  P.,  may  be  thus  made : 
•lAs^m.,    +    Ca2II0   =   Aff,0    +    Ca2N0„    -f  11,0 

Nitrate  of  Hydrate  of  Oxide  of  Nitrate  of  Water, 

silver.  calcium.  silver.  calcium. 

Methods  of  foi-ming  several  other  salts  of  silver  are  incidentally 
mentioned  in  the  following  analytical  paragraphs. 

(/v)  Reactions  having  Analytical  Interest  (Tests'). 

First  Analytical  Reaction. — To  a  solution  of  a  silver  salt 
add  hydrochloric  acid  or  other  soluble  chloride  ;  a  white  curdy 
jnecipitate  of  chloride  of  silver  falls.  Add  nitric  acid,  and 
boil ;  the  precipitate  does  not  dissolve.  Pour  oif  the  acid  and 
add  solution  of  ammonia;  the  precipitate  dissolves.  Neutralize 
the  ammoniacal  solution  by  an  acid;  the  chloride  of  silver  is 
reprecipitated. 

This  is  the  most  characteristic  test  for  silver.  The  precipitated 
chloride  is  also  soluble  in  solutions  of  hyposulphite  of  sodium, or 
cyanide  of  potassium — facts  of  considerable  importance  in  photo^ 
graphic  operations. 

Other  analytical  reagents  than  the  above  are  occasionally 
useful.  Sulphuretted  hydrogen,  or  sulphydrate  of  ammo- 
nium, gives  a  black  precipitate,  sulphide  of  silver  (Ag.^S),  in-: 

soluble  in  alkalies.  Solutions  of  potash  or  soda  give  a  brown 

precipitate,  oxide  of  silver  (Ag.^O),  converted  into  a  fulmina- 
ting compound  by  prolonged  contact  with  ammonia.-  Phos- 
phate of  sodium  gives  a  pale  yellow  precipitate,  phosphate  of. 
silver  (AgiPOJ,  soluble  in  nitric  acid  and  in  ammonia.  '  > 
Arseniate  of  ammonium  gives  a  chocolate-colored  precipitate, 
arseniate  of  silver  (AgjAsO,),  already  noticed  in  connection 

with  arsenic  acid.  Iodide  or  bromide  of  potassium  gives  a 

yellowish-white  precipitate,  iodide  (^Argenli  lodidnm,  U,  S>  P.) 
or  bromide  of  silver  (Agl  or  AgBr),  insoluble  in  acids  and  only 

slightly  soluble  in  ammonia.  Cyanide  of  potassium  gives 

a  white  precipitate,  cyanide  of  .silver  (AgCy),  soluble  in  ejycess, 
sparingly  .soluble  in  ammonia,  insoluble  in  dilute  nitric  acid, 
soluble  in  boiling  concentrated  nitric  acid.  Argenti  Cyanithmi,, 
TJ.  S.  P.,  may  be  made  by  distilling  a  mixture  of  ferrocyariide 
of  potassium  and  diluted  sulphuric  acid,  and  passing  the  re- 
sulting hydrocyanic  acid  into  a  solution  of  nitrate  of  silver: 
HCy  +  AgNO.T  =  AgCy  +  HNO.,   (the   precipitate   is  '  well 

washed  and  dried).  Yellow  chromate  of  potassium  (K.^CrO,) 

gives  a  red  precipitate,  chromate  of  silver  (A'g.^Cr04).  -Red 

chromate  of  potassium  also  gives  a  red  precipitate,  acid  chro- 
niate  of  silver  (Ag.^CrOijCrO,.,).-  Many  organic  acids  afford 
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insoluble  salts  of  silver.  Several  metals  displace  silver  from 

solution,  mercury  forming  in  this  way  a  crystalline  compound 
known  as  the  silver  tree,  or  Arbor  D  'hiihr.  In  the  blowpipe- 
flame,  silver  salts,  placed  on  charcoal  with  a  little  carbonate  of 
sodium,  yield  bright  globules  of  metal  accompanied  by  no  in- 
crustation as  in  the  corresponding  reaction  with  lead  salts  ;  the 
experiment  may  be  performed  with  the  nitrate,  which  first 
melts,  and  then,  like  all  nitrates,  deflagrates,  yielding  a  white 
metallic  coating  of  silver  which  slowly  aggregates  to  a  button. 

Antidotes. — Solution  of  common  salt,  sal-ammoniac,  or  any  other 
inert  chloride  should  obviously  be  administered  where  large  doses  of 
nitrate  of  silver  have  been  swallowed.  A  quantity  of  sea-w-atcr  or 
brine  M'ould  convert  the  silver  into  insoluble  chloride,  and  at  the 
same  time  produce  vomiting. 


QUESTIONS  AND  EXERCISES. 

332.  By  what  process  is  silver  obtained  from  argentiferous  g<a- 
lena? 

333.  What  weight  of  English  silver  coin  will  yield  one  pound  of 
pure  nitrate  of  silver? 

334.  How  may  the  metal  be  recovered  from  an  impure  mixture  of 
silver  salts? 

335.  Give  a  diagram  show^ing  the  formation  of  nitrate  of  silver 
from  the  metal. 

336.  Describe  the  reaction  of  lime-M'ater  and  nitrate  of  silver. 

337.  Mention  the  chief  test  for  silver,  and  the  precautions  to  be 
observed  in  order  that  silver  salts  may  be  distinguished  from  those 
of  lead  and  mercury. 

338.  Name  the  antidote  for  silver. 


DIRECTIONS  FOR  APPLYING  SOME  OF  THE  FOREGOING  REAC- 
TIONS TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF 
SALTS   OF    ONE    OF    THE    METALS,    CoPPER,  MeRCURY 

(either  as  mercurous  or  mercuric  salt),  Lead, 
Silver. 

Add  hydrochloric  acid  : — 

Silver  is  indicated  by  a  white  curdy  precipitate,  soluble  iu 
ammonia. 

Mercurous  salts  also  by  a  white  precipitate,  turned  black 
by  ammonia. 

Lead  by  a  white  precipitate,  insoluble  in  ammonia.  Con- 
firm by  boiling  another  portion  of  the  hydrochloric 
precipitate  in  water  :  it  dissolves. 
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If  hyclrocliloric  acid  gives  no  precipitate,  silver  and  merca- 
roiis  salts  arc  absent.  Lead  can  only  be  present  in  very  small 
quantity.  Mercuric  salts  may  be  present.  Copper  may  be 
present.  Divide  the  liquid  into  three  portions,  and  apply  a 
direct  test  for  each  metal  as  follows : — 

Lead  is  best  detected  by  the  sulphuric  test ;  the  tube 
being  set  aside  for  a  time  if  the  precipitate  does  not 
appear  at  once. 
Mercury  is  best  detected  by  the  copper  test.    If  present, 

here  it  occurs  as  mercuric  salt. 
Copper  betrays  itself  by  the  blue  color  of  the  liquid  under 
examination.    Confirm  by  the  ammonia  test. 
If  the  above  reactions  are  not  thoroughly  conclusive,  con- 
firmatory evidence  should  be  obtained  by  the  application  of 
some  of  the  other  reagents  for  copper,  mercury,  lead,  or  silver. 

Table  of  short  directions  for  applying  some  of  the 
foregoing  reactions  to  the  analysis  op  an  aqueous 
solution  of  salts  op  any  or  all  op  the  metals, 
^    Copper,  Mercury  (either  jiercurous  or  mercuric 

9      SALT,  OR  both),  LeAD,  SiLVER. 

Add  hydrochloric  acid,  filter,  and  wash  the  precipitate  with  a 
small  quantity  of  cold  water. 


Pb 


Ppt. 
Hg(ous) 


Arr. 


Wash  with  boiling  w^ater. 


Ppt. 

IIf!;(ou.s)  Ag. 
Add  AmIIO. 

Filtrate. 
Pb. 
Add  II.SO,, 
white  ppt.* 

Precipitate 

(mcrcurous) 
— black. 

Filtrate. 
Ag. 
Add  IINO3 
white  ppt. 

Filtrate. 
Cu   rig(ic)  Pb. 

Divide  into  three  portions. 

Test  for 
Cu  by  AmIIO  ;  blue  sol. 
Hg  (mei-curic)  by  Cu  ; 
globules. 
Pb  by  II2SO4 ;  white  ppt.* 


_*  Liquids  containinc;  only  a  small  quantity  of  lead  do  not  readily 
yield  sidj)liate  of  lead  on  the  addition  of  sulphuric  acid.  Before  lead 
can  he  said  to  be  absent,  therefore,  the  li(iuid  should  be  evaporated 
to  dryness  with  one  drop  of  sulphuric  acid,  and  the  residue  digested 
in  water;  any  sulphate  of  lead  then  remains  as  a  heavy  white  in- 
Bolublc  powder. 
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OUTLINE  OF  THE  PRECEDING  TABLES. 
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Am  no 
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Cu  ^ 
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mg 
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salt) 
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Ca 

Na 

Pb 
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curic salt) 

Fe 
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(partially) 

Pb 

(entirely)  . 
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Ag 
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■/> 

oluble 
AmH 

Sb 

CO 

The  practical  student  should  examine  solutions  containing  the 
common  metals  until  he  is  able  to  analyze  with  facility  and  accuracy. 
In  this  way  he  will  best  perceive  the  peculiarities  of  each  element 
and  their  general  relations  to  each  other.  As  the  rarer  metals  are 
not  included  here,  the  tables  are  not  complete  analytical  schemes ; 
only  general  memoranda  respecting  them  will  therefore  now  be  given. 

Memoranda  relating  to  the  General  Analytical 
Table  (page  219). 

The  group-te^ts  adopted  in  the  Table  are,  obviously,  hydro- 
chloric acid,  sulphuretted  hijdro(jen,  sulphydrate  of  ammonium, 
carbonate  of  ammonium,  and  arseniafe  of  ammonium.  If  a 
group-test  produces  no  precipitate,  it  is  self-evident  that  there 
can  be  no  member  of  the  group  present.  At  first,  therefore, 
add  only  a  small  quantity  of  a  group-test,  and  if  it  produces  no 
eflfect  add  no  more  ;  for  it  is  not  advisable  to  overload  a  solu- 
tion with  useless  reagents ;  substances  expected  to  come  down 
as  precipitates  are  not  unfrequently  held  in  the  liquid  by  excess 
of  acid,  alkali,  or  strong  aqueous  solution  of  some  group- 
reagent,  thoughtlessly  added.  Indeed,  experienced  manipulators 
not  unfrequently  make  preliminary  trials  with  group-reagents 
on  a  few  drops  only  of  the  liquid  under  examination  ;  if  a  pre- 
cipitate is  produced,  it  is  added  to  the  bulk  of  the  original  liquid 
and  the  addition  of  the  group-reagent  continued ;  if  a  precipi- 
tate is  not  produced,  the  few  drops  are  thrown  away,  and  the 
unnecessary  addition  of  a  group-reagent  thus  avoided  alto- 
gether, an  advantage  fully  making  up  for  the  extra  trouble  of 
making  a  preliminary  trial.  While  shunning  excess,  how- 
ever, care  must  be  taken  to  avoid  deficiency  ;  a  substance  only 
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partially  removed  from  solution  through  the  addition  of  an  in- 
sufficient amount  of  a  reagent  will  appear  where  not  expected, 
he  conse({uently  mistaken  for  something  else,  and  cause  much 
trouble  ;  this  will  not  occur  if  the  appearance,  odor,  or  reaction 
of  the  licjuid  on  test-paper  be  duly  observed.  It  is  also  a  good 
j)lan,  when  a  group-reagent  has  produced  a  precipitate  and  the 
latter  has  been  filtered  out,  to  add  a  little  more  of  the  reagent 
to  the  clear  filtrate ;  if  more  precipitate  is  produced,  an  insuf- 
ficient amount  of  the  group-test  was  introduced  in  the  first  in- 
stance ;  but  the  error  is  corrected  by  simply  refiltering ;  if  no 
precipitate  occurs,  the  mind  is  satisfied  and  the  way  cleared 
for  further  operations. 

Groitj)-precipif(ttcii,  or  any  precipitates  still  requiring  exami- 
nation, should,  as  a  rule,  be  well  washed  before  further  testing ; 
this  is  to  remove  the  aqueous  solution  of  other  siibstances  ad- 
hering to  the  precipitate  (the  mother-liquor,  as  it  is  termed),  so 
that  subsequent  reaction  may  take  place  fairly  between  the  re- 
agent used  and  the  precipitate  only.  A  precipitate  is  some- 
times in  so  fine  a  state  of  division  as  to  retard  filtration  by 
clogging  the  pores  of  the  paper,  or  even  to  pass  through  the 
filter  altogether ;  in  these  cases  the  mixture  may  be  warmed 
or  boiled  (or  a  fresh  quantity  of  the  original  solution  may  be 
wanned  before  the  group-test  is  added),  which  usually  causes 
aggregation  of  the  particles  of  a  precipitate,  and  hence  facili- 
tates the  passage  of  liquids. 

Division  of  Work. — It  is  immaterial  whether  a  solution  be 
first  divided  into  group-precipitates  or  each  precipitate  be  ex- 
amined as  soon  as  produced;  if  the  former  method  be  adopted, 
confusion  will  be  avoided  by  labelling  or  marking  the  funnels 
or  papers  holding  the  precipitate,  "  the  HCl  ppt.,"  "  the  H.^S 
ppt.,"  and  so  on. 

77ift  colors  ami  general  appeiirnnce  of  the  various  sulphides 
and  hydrates  precipitated  should  be  borne  in  mind,  as  the  ab- 
sence of  other  bodies,  as  well  as  the  presence  of  those  thrown 
down,  is  often  at  once  thus  indicated. 

Application  of  coiif  rvia/orij  (esfs  must  be  frequent. 

liraiilfs  of  analysis  should  be  recorded  neatly  in  a  memo- 
randum-book. 

The  various  reactions  which  occur  in  an  analysis  have  al- 
ready come  before  the  reader  in  going  through  the  tests  for 
the  individual  metals  or  in  other  analytical  operations ;  it  is 
unnecessary,  therefore,  again  to  draw  out  equations  or  dia- 
grams. But  the  reactions  should  be  thought  over,  and  if  not 
[lerfectly  clear  to  the  mind,  be  written  out  again  and  again  till 
thoroughly  understood, 
ly  » 
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QUESTIONS  AND  EXERCISES. 

339.  Give  processes  for  the  qualitative  analysis  of  liquid.s  contain- 
ing the  following  sulistances  : — 

a.  Antimony  and  Mercurous  salt. 
h.  Lead  and  Calcium. 

c.  Silver  and  Mercurous  salt. 

d.  Lead  and  Mercuric  salt. 

e.  Copper  and  arsenicum. 

f.  Arsenicum  and  Antimony. 

g.  Aluminium  and  Zinc. 

h.  Iron  and  Copper. 

?".  Magnesium,  Calcium,  and  Potassium. 

j.  Silver,  Antimony,  Zinc,  Barium,  and  Ammonium, 

340.  Enumerate  the  so-called  group-tests. 

34L  Give  a  general  sketch  of  the  method  of  analyzing  a  solution 
suspected  to  contain  two  or  more  salts  of  common  metals. 

342.  Classify  the  common  metals  according  to  their  analytical 
relations. 


METALS  OF  MINOR  PHARMACEUTICAL 
IMPORTANCE. 

Thus  far  has  been  considered,  somewhat  in  detail,  the  chemistry 
of  tlae  common  metals,  salts  of  which  are  frequently  used  in  medicine 
or  in  testing  medical  substances.    These  are — 

Potassium,  Barium,         Zinc,  Arsenicum,  Mercury, 

Sodium,  Calcium,         Aluminium,  Antimony,  Lead, 

Ammonium  (?),    Magnesium,    Iron.  Copper,  Silver. 

Of  the  remaining  metals,  nine  have  considerable  interest  for  the 
student  of  medicine  or  of  pharmacy,  namely : — 

Lithium,        Manganese,         Tin,  Platinum,  Bismuth. 

Cerium,  Chromium,         Gold,  Cadmium, 

Compounds  of  three  more  occasionally  come  under  notice — 

Strontium,  Cobalt,  Nickel. 

These  twelve  metals  of  minor  pharmaceutical  interest  may  be 
shortly  studied,  a  few  only  of  the  reactions  of  each  (just  those  men- 
tioned in  the  following  pages)  being  performed.  When  all  liavc 
Ijeen  thus  treated,  their  r(!spective  positions  in  the  analytical  groups 
M'ill  be  indicated,  and  a  tabular  scheme  by  which  an  analysis  of  a 
solution  containing  any  metal  may  be  effected.  Thus,  step  by  step, 
we  may  learn  how  to  analyze  -almost  any  substance  that  maj'  occur, 
and  know  to  what  extent  the  presence  of  a  rarer  will  interfere  with 
the  ordinary  tests  for  a  common  element ;  additional  illustrations  of 
the  working  of  chemical  laws  will  be  acquired,  and  the  store  of 
chemical  and  ])haruuiccutical  facts  increased.  The  opportunity  thus 
aflbrded  for  improvement  in  habits  of  neatness  in  numipulation,  jirc- 
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cision,  and  classification  furnishes  anotlior  and  no  mean  vsason  w1iy 
suL'h  experiments  should  1)0  prosecuted,  the  direct  vaku;  of  which 
may  not  be  considerable  to  medical  and  pharmaceutical  learners. 

LITHIUM. 

Symbol  L.    Atomic  weight  7. 

Lithium  is  widely  distributed  in  nature,  but  usually  in  minute 
proportions  compared  with  other  elements.  A  trace  of  it  may  be 
found  in  most  soils  and  waters,  a  Cornish  spring  containing  con- 
siderable quantities  as  chloride. 

One  salt  used  in  medicine  is  the  Citrate  {\j./^,^-fiS)  {Lifhii  Citras, 
U .  S.  P.),  occurring  in  white  deliquescent  crystals  or  powder,  pre- 
pared by  dissolving  50  grains  of  the  Carbonate  (L._,CO.))  and  95  of 
citric  acid  (50  to  95  if  both  are  quite,  pure)  in  1  ounce  of  water, 
evaporating  to  a  low  bulk,  and  setting  aside  in  a  dry  place  to  crys- 
tallize, or  at  once  evaporating  to  dryness  and  powdering  the  residue. 
The  crystals  have  the  forumla  L3C6ll50„4II,p ;  dried  at  212°  F., 
L3CJIA,H,0  (Umney). 


3L,,003  +  2H3CeH,0, 

Cailionute  Citric  acid, 

of  litliium. 


=  2L3CJI5O,  +  3II,,0  +  3CO2 

Citrate  of  Water.  Carljonic 

lithium.  acid  gas. 


The  benzoate  (LitJiii  Benzoas,  ,  LC7H3O.,,  U.  S.  P.),  bromide 
(Lifhii  Bromvlurii,  LBr,  U.  S.  P.),  and  salicylate  (^Lithii  Sa- 
liri/la^^  2LC7H30:i,H.^O,  U.  S.  P.)  may  be  similarly  prepared 
from  the  respective  acids. 

The  above-named  lithium  salts  are  officially  tested  as  follows,  the 
Bromide  being  acted  upon  directly  without  ignition  : — 

•'On  dissolving  the  residue,  left  on  ignition  [of  either  salt]  in 
diluted  hydrochloric  acid,  and  evaporating  the  filtered  solution  to 
dryness,  1  part  of  the  residue  should  be  completely  soluble  in  3 
parts  of  absolute  alcohol,  which,  when  ignited,  should  burn  with  a 
crimson  flame,  and  the  addition  of  an  equal  volume  of  stronger 
ether  to  the  alcoholic  solution  should  produce  no  precipitate  (salts 
of  alkalies).  On  dissolving  another  portion  of  the  residue  in  a 
small  quantity  of  water,  the  solution  should  produce  no  precipitate 
with  test-solution  of  oxalate  of  ammonium  (salts  of  alkaline  earths), 
'i'lifi  aqueous  solution  should  remain  unaffected  by  hydrosulphuric 
H  -id  or  sulphide  of  ammonium  (abs.  of  metals)." — U.  S.  P. 

The  carbonate  {lAthii  Carlioiiua,  U.  S.  P.)  is  a  white  granular 
powder  obtained  from  the  minerals  which  contain  lithium  ;  namely, 
Icpidolite  (from  IsTvlr,  lapis,  a  scale,  and  /Itft^f,  iithos,  a  stone ;  it  has 
a  .scaly  appearance),  triphane  (from  rpdc,  trcis,  three,  and  (/>am.), 
phaino,  I  shine),  or  spodumenc  (from  amMo,  apodm,  I  reduce  to 
nshns,  in  allusion  to  its  exfoliation  in  the  blowpipe-flame),  and 
petalitc  (from  Trerahiv,  petalon,  a  leaf;  its  character  is  leafy  and 
laminated).  Each  contains  silicate  of  aluminium,  with  fluoride  of 
potassium  and  lithium  in  the  case  of  l(;])id<)lite,  and  silicate  of 
HOilium  and  lithium  in  th(!  others.     Lifpior  Lil/ri(e  /'J//ervescens, 
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B.  P.,  is  a  solution  of  10  grains  of  carbonato  of  lithium  in  1  pint 
of  water  ciiarged  with  7  times  its  volume  of  carbonic  acid  iras  and 
kept  in  ordinary  aiirated-water  bottles.  "Half  a  pint,  evaporated 
to  dryness,  yields  5  grains  of  a  white  solid  residue,  answering  Ui 
the  tests  for  carbonate  of  lithium.  .  .  .  T(!n  grains  of  the  latter 
salt  neutralized  with  sulplniric  acid,  and  afterwards  heated  to  red- 
'ness,  leave  14.86  grains  of  dry  sulphate  of  lithium,  which,  when 
redissolved  in  distilled  water,  yields  no  precipitate  with  oxalate  of 
ammonium  or  solution  of  liine,"  indicating  a])sence  of  salts  of 
calcium  and  aluminium.  Citrate  of  lithium  should  yield  by  incin- 
eration 52.8  per  cent,  of  white  carbonate  of  lithium. 

Urate  of  lithium*  is  more  soluble  than  urate  of  sodium ;  hence 
lithium  preparations  are  administered  to  gouty  patients  in  the  hope 
that  urate  of  sodium,  with  which  such  systems  are  loaded,  may  be 
converted  into  m-ate  of  lithium  and  removed. 

In  chemical  position  lithium  stands  between  the  alkaline  and  the 
alkaline-earth  metals,  its  hydrate,  carbonate,  and  phosphate  being 
slightly  soluble  in  water.  The  double  chloride  of  platinum  and 
lithium  also  is  soluble  in  water.    Its  atom  is  univalent,  L'. 

Anali/tical  Reaction. — Moisten  the  end  of  a  platinum  wire 
with  solution  of  a  minute  particle  of  solid  lithium  salt,  and  in- 
troduce it  into  the  flame  of  a  Bunsen  burner  or  other  slightly 
colored  flame  (spirit-lamp  or  blowpipe-flame)  ;  a  magnificent 
crimson  tinge  is  imparted. 

The  light  thus  emitted  by  ignited  lithium  vapor  is  of  a  purer 
scarlet  than  that  given  by  strontium,  the  next  element.  When  the 
flames  are  examined  by  spectral  analysis  (physically  analyzed  by  a 
prism),  the  red  rays  are,  in  the  case  of  strontium,  found  to  be  asso- 
ciated with  blue  and  yellow,  neither  of  which  is  present  in  the 
lithium  light,  blue  lithium  rays  only  appearing  at  temperatures 
much  higher  than  those  of  ordinary  aii-gas  flames. 

STEONTIUM. 

Symbol  Sr.    Atomic  weight  87.4. 

Source. — Strontium  is  not  widely  distributed  in  nature,  hut  the 
carbonate  (SrCOj)  known  as  strontianite,  and  the  sulphate  (SrSOJ, 
known  as  celesline  (from  cashim,  the  sky,  in  allusion  to  its  occasional 
bluish  color),  are  by  no  means  rare  minerals. 

Salts  of  strontium  are  not  employed  in  medicine.  They  are 
chiefly  used  by  firework-manufacturers  in  preparing  red  fire.  The 
color  they  impart  to  flame  is  a  beautiful  crimson — ignited  strontiiun 
vapor  emitting  red  rays,  as  already  explained.  Nitrate  of  strontium 
(Sr2N0.,)  is  best  for  pyrotechnic  compositions,  its  oxygen  enabling 
it  to  1)urn  freely  when  mixed  with  charcoal,  sulphur,  etc.  It,  or  any 
salts,  may  be  obtained  by  dissolving  the  carljonate  in  the  appropri- 


*  Urates  will  be  considered  subsequently  in  connection  with  uric 
acid. 
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ate  acid,  or  by  igniting  the  c-licapor  Pul|ihate  Avith  coal,  whevcljy 
sulphide  (SrS)  is  produced,  and  dissolving  this  in  acid. 

The  position  of  stvontimn  among  the  chemical  elements  is  between 
liarium  and  calcium  ;  its  sulphate  is  very  sparingly  solu])le  in  water. 
Its  atom,  like  those  of  barium  and  calcium,  is  bivalent  (Sr'^). 

Analytical  Reactions  (  Tests). 

First  Analytical  Reactian. — To  a  solution  of  a  strontium 
salt  (Sr2N03  or  SrCl.,)  add  carbonate  of  ammonium  ;  a  white 
precipitate  of  carbonate  of  strontium  (SrCO;,)  falls. 

Second  Analytical  Reaction. — To  a  solution  of  a  strontium 
salt  add  sulphuric  acid  previously  so  diluted  that  it  will  not 
precipitate  calcium  salts,  or  add  an  equally  dilute  solution  of 
any  sulphate  (c.  g.,  that  of  calcium  itself)  ;  a  M'hite  precipitate 
(if  sulphate  of  strontium  (SrSOi)  falls,  The  formation  of  this 
jirecipitate  is  promoted  by  stirring  and  setting  the  liquid  aside 
for  some  time. 

Barium  is  precipitated  immediately  under  similar  circumstances. 

Third  Analytical  Reaction. — To  a  dilute  solution  of  a  stron- 
tium salt  add  yellow  chromate  of  potassium  ;  no  precipitate 
falls. 

Barium  may  be  separated  from  strontium  by  chromate  of  potas- 
sium, that  reagent  at  once  precipitating  barium  from  aqueous  or 
acetic  solutions.  The  value  of  the  reaction  is  enhanced  if  the  solu- 
tions be  dilute  and  if  acetic  acid  or  acetate  of  ammonium  be  pres- 
ent, chromate  of  strontium  being  far  more  soluble  in  such  fluids 
than  in  water  (Ransom).  It  is  also  more  soluble  in  cold  than  in 
hot  fluids. 

Fourth  Analytical  Reaction. — Insert  a  fragment  of  a  stron- 
tium salt  in  the  blowpipe-flame,  or  other  equally  colorless  flame, 
or  hold  the  end  of  a  platinum  wire  dipped  into  a  strontium  so- 
lution in  the  flame  ;  a  crimson  color  is  imparted. 

Other  Analytical  Reactions. — Alkali-metal  phosphates,  ar- 
seniatcs,  and  oxalates  give  white  insoluble  precipitates  with 

.strontium  as  with  barium  and  calcium.  Strontium,  like 

calcium,  but  unlike  barium,  is  not  precipitated  by  hydrofluo- 
silicic  acid. 

Cerium.  Ce.  At.  wt.  22. — This  clement  occurs  in  the  mineral 
ceritc  (a  silicate  of  iron,  calcium,  and  the  three  rare  metals,  cerium, 
lanthiinum,  and  didymium) ;  also  occasionally  as  impure  fluoride, 
carbonate,  and  phosjjhate.  The  o.xalate  of  cerium,  a  white  granular 
powder,  is  the  only  official  salt;  it  may  h(!  obtained  from  corite  by 
lioiling  the  powdered  mineral  in  strong  hydrochloric  acid  for  several 
hours,  evaporating,  diluting,  and  filtering  to  separate  silica;  adding 
ammonia  to  [)recipitatc  hydrates  of  all  the  metals  except  calcium  ; 
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filtering  off,  washing,  rcdissolving  in  hydrochloric  acid,  and  adding 
oxalic  acid  to  precipitate  oxalate  of  cerium.  The  preparation  will 
still  contain  oxalates  of  lanthanum  and  didymium  ;  it  is  therefore 
strongly  calcined,  the  resulting  oxides  of  hmthauum  and  didymium 
dissolved  out  to  some  extent  by  boiling  with  a  concentrated  solution 
of  chloride  of  ammonium,  the  residual  oxide  of  cerium  dissolved  in 
boiling  hydrochloric  acid,  and  oxalate  of  ammonium  added  to  .pre- 
cipitate white,  granular  oxalate  of  cerium  {Ge./^'''.iC.fi^,'t}ll.fi).  Ac- 
cording to  Hartley  the  precipitated  hydrates  are  treated  with  chlorine, 
by  which  eerie  hydrate  is  left  insoluble  and  the  other  hydrates  con- 
verted into  soluljle  hypochlorites. 

Oxalate  of  cerium  (Cerii  Oxalas,  U.  S.  P.)  is  decomposed  at  a 
dull  red  heat,  48  per  cent,  of  a  yellow,  or,  more  generally,  a  salmon- 
colored,  mixture  of  oxides  remaining  ;  usually  the  didymium  present 
gives  the  ignited  residue  a  reddish  or  reddish-brown  color  ;  it  is  then 
soluble  in  boiling  hydrochloric  acid  (without  effervescence ;  indica- 
ting, indirectly,  absence  of  earthy  and  other  carbonates  or  oxalates), 
and  the  solution  gives,  with  excess  of  a  saturated  solution  of  sul- 
phate of  potassium,  a  crystalline  precipitate  of  double  sulphate  of 
cerium  and  potassium.  Alumina  mixed  with  oxalate  of  cerium  may 
be  detected  by  boiling  with  solution  of  potash,  filtering,  and  adding 
excess  of  solution  of  chloride  of  ammonium,  when  a  white  flocculent 
precipitate  of  hydrate  of  aluminium  will  be  obtained.  Oxide  of  zinc 
is  revealed  on  boiling  in  potash  and  adding  sulphide  of  ammonium, 
when  white  sulphide  of  zinc  falls.  The  oxalic  radical  is  recognized 
by  neutralizing  the  potash  solution  by  acetic  acid  and  adding  chloride 
of  calcium  ;  white  oxalate  of  calcium  is  then  precipitated  ;  this  pre- 
cipitate, though  insoluble  in  acetic,  should  be  wholly  dissolved  by 
hydrochloric  acid.  Acid  or  neutral  cerium  solutions  give  with 
acetate  of  sodium  and  peroxide  of  hydrogen  a  brownish-red  color 
(Hartley). 

According  to  H.  G.  Greenish,  most  samples  of  oxalate  of  cerium 
have  as  impurities  traces  of  lead,  iron,  and  magnesium. 

MANGANESE. 

Symbol  Mn.    Atomic  weight  54. 

Source. — Manganese  is  a  constituent  of  many  minerals,  and  as 
black  oxide,  or  dioxide,  or  binoxide  (MnO.J  {Mamjani  Oxiihiiii 
Nigrum,  U.  S.  P.,  "containing  not  less  than  60  per  cent,  of  pure 
oxide,  MnOj"),  or  pyrolusite  (from  Tj-ij/j,  jnir,  fire,  and  /i-mc,  lusis,  a 
loosing  or  resolving,  in  allusion  to  the  readiness  with  which  it  is 
split  up  by  heat  into  a  lower  oxide  and  oxygen),  occurs  frequently 
in  abundance  in  the  south-west  of  England,  Aberdeenshire,  and  most 
of  the  countries  of  Europe.  It  is  met  with  as  a  steel-gray  mass  of 
prismatic  crystals  or  in  black  shapeless  lumps. 

The  chemical  position  of  manganese  is  close  to  iron  and  three 
other  metals  still  to  be  considered — cobalt,  nickel,  and  chromium. 
Its  atom  apparently  has  sexivalcnt  afiinitics,  as  seen  in  manganate 
of  potassium,  (K^MnO,) ;  but  commonly  it  is  quadrivalent  (Mu'^')  or 
bivalent  (Mn''). 
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Uses: — Metallic  manganese  is  only  used  in  alloy  with  iron  in  the 
nuinufaeture  of  some  varieties  of  steel.  The  blaek  oxide  is  an  im- 
portant agent  in  the  production  of  chlorine,  the  preparation  of  green 
and  retl  disinfecting  manganates,  purple  glass,  and  black  glazes  for 
earthenware. 

Reactions  having  both  SyntheHcal  and  Analytical  Interest. 

First  Reaction. — Boil  a  few  grains  of  black  oxide  of  manga- 
nese with  some  drops  of  hydrochloric  acid  until  chlorine  ceases 
to  be  evolved;  add  water,  and  filter;  the  filtrate  is  a  solution 
of  manganous  chloride  (MnCl.,)- 

MnO,    +    4HC1    =    MnCl,    +    2H,0    +  CI,. 

This  is  the  reaction  commonly  applied  in  the  preparation  of  chlo- 
rine gas.  It  is  also  a  ready  method  of  preparing  a  manganous  salt 
for  analytical  experiments.  Coupled  with  the  application  of  re- 
agents to  the  filtrate,  the  reaction  is  that  by  which  a  black  powder 
or  mineral  would  be  recognized  as  black  oxide  of  manganese.  Black 
oxide  of  manganese  dissolves  in  cold  hydrochloric  acid,  forming 
a  dark-brown  solution  of  a  higher  chloride  or  chlorides,  MnClj, 
Mn^Cl,,  or,  possibly,  MnCl^. 

Second  Reaction. — Heat  a  particle  of  a  manganese  compound 
with  a  grain  or  two  of  carbonate  and  hydrate  of  potassium  and 
a  fragment  of  nitrate  or  chlorate  of  potassium  on  platinum  foil 
in  the  blowpipe-flame ;  a  green  mass  containing  ma.nganatc  of 
jjotassium  (K.^Mn04)  results.  Boil  the  foil  in  a  little  water ; 
the  green  manganate  dissolves  and  soon  changes  to  solution  of 
the  YtuTfle  permanganate  of  potassium  (KjMnaOg). 

This  is  a  delicate  analytical  test  for  manganese. 

The  reaction  is  similar  to  that  by  which  permanganate  of  potas- 
sium (Fotassii  Pa-manr/anas,  U.  S.  P.)  is  prepared  for  use  in  vol- 
umetric analysis.  Equations  showing  the  exact  action  which  occurs 
ill  making  the  salt  according  to  the  process  of  the  British  Pharma- 
copo;ia  have  already  been  given  in  connection  with  the  compounds 
of  potassium  (vide  p.  7')).  The  proportions  of  ingredients  and  details 
of  the  operation  arc  as  follows  : — 

Reduce  3j  parts  (for  experiment  each  "part"  may  be  Jth  oz.)  of 
chlorate  of  potassium  to  line  powder,  and  mix  it  with  4  of  black 
oxide  of  manganese ;  put  the  mixture  into  a  porcelain  basin,  and 
add  to  it  5  parts  of  solid  caustic  potash,  previously  dissolved  in  4 
parts  of  water.  Evaporate  to  dryness,  stirring  diligently  to  prevent 
spirting.  Pulverize  the  mass,  put  it  into  a  covered  Hessian  or 
Cornish  crucible,  and  expose  it  to  a  dull  red  heat  (not  higher)  for 
an  hour  (20  or  30  minutes  for  quantities  of  1  or  2  oz.),  or  till  it  has 
assumed  the  condition  of  a  seirii-fused  mass.  Allow  to  cool,  pulver- 
ize, and  boil  with  about  30  parts  of  water.  Let  the  insoluble  matter 
subside,  decant  the  fluid,  boil  again  with  about  .10  parts  of  water, 
again  decant,  neutralize  the  united  li({uors  accurately  with  diluted 
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sulphuric  acid  (or,  better,  carbonic  acid  gas),  and  evaporate  till  a 
pellicle  forms.  Sot  aside  to  cool  and  crystallize.  Drain  the  crystal- 
line mass,  boil  it  in  G  parts  of  water,  find  strain  through  a  funnel 
the  throat  of  which  is  slightly  oljstructed  by  a  little  asbestos  or 
gun-cotton.  Let  the  fluid  cool  and  crystallize,  drain  the  dark 
purple  slender  prismatic  crystals,  and  dry  them  by  placing  under 
a  bell-jar  over  a  vessel  containing  sulphuric  acid. 

Instead  of  converting  the  manganate  into  permanganate  hy  ebul- 
lition, by  which  one-third  of  the  manganate  is  lost,  Stadeler  recom- 
mends chlorine  to  be  passed  through  the  cold  solution  until  the 
green  color  is  entirely  changed  to  purple. 

Solutions  o  f  ilie  inanganaies  of  potassium  and  sodium  are  in  com- 
mon use  as  disinfectants  under  the  name  of  Condy's  Fluid.  They  act 
by  oxidizing  organic  matter,  the  manganic  or  permanganic  radical 
being  reduced  to  black  manganic  oxide,  or  even  a  lower  oxide.  The 
reason  for  using  asbestos  instead  of  paper  in  filtering  the  solutions 
will  now  be  understood. 

The  changes  in  color  which  the  green  mass  of  the  above  process 
undergoes  when  dropped  into  warm  water  procured  for  it  the  old 
name  of  mineral  chameleon. 

Third  Reaction. — Make  a  borax  bead  by  heating  a  fragment 
of  the  salt  on  the  looped  end  of  a  platinum  wire  in  the  blow- 
pipe-flame until  a  clear  transparent  globule,  is  obtained.  Place 
on  the  bead  a  minute  portion  of  a  manganese  compound,  or 
touch  it  with  a  drop  of  solution.  Again  fuse  the  borax,  using 
the  point  of  the  flame ;  a  bead  of  a  violet  or  amethystine  tint 
is  produced. 

This  is  a  good  analytical  reaction.  It  has  also  synthetical  inter- 
est, illustrating  the  use  of  black  oxide  of  manganese  in  producing 
common  purple-tinted  glass. 

Expose  the  bead  to  the  reducing  part  of  the  flame,  the  part 
nearer  to  the  blowpipe,  where  there  are  highly  heated  hydro- 
carbon gases  greedy  of  oxygen ;  the  color  disappears. 

This  is  owing  to  the  reduction  of  the  manganic  compound  to  a 
manganous  condition,  in  which  it  no  longer  possesses  peculiar  color- 
ing-power. This  action  also  illustrates  the  use  of  black  oxide  of 
manganese  in  glass-manufacture.  Glass  when  first  made  is  usually 
of  a  green  tint,  owing  to  the  presence  of  ferrous  impurities.;  the 
addition  of  manganic  oxide  to  the  materials  converts  the  ferrous 
into  ferric  compounds,  which  have  comparatively  little  colorific 
power,  it  itself  being  thereby  reduced  to  manganous  oxide,  which 
also  gives  but  little  color.  If  excess  of  manganic  oxide  be  added,  a 
purple  tint  is  produced. 

Reactions  havinr/  Anali/tical  Interest  (^Tests'). 

Fourth  Reaction. — Through  a  solution  of  a  manganous  salt 
acidified  by  hydrochloric  acid  pass  sulphuretted  hydrogen ;  no 
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decomposition  occurs.  Add  ammonia  ;  the  svilpliydrate  of  ani- 
moiiium  thus  formed  causes  the  precipitation  of  a  yellowish- 
pink,  or  flesh-tinted  precipitate  of  manganous  sulphide  (MnS) 
in  a  hydrous  state. 

This  reaction  is  characteristic,  sulphide  of  manganese  being  the 
only  Hesh-colored  sulphide  known.  The  salt  used  may  be  the 
manganous  chloride  obtained  in  the  first  reaction  ;  but  such  crude 
solutions  usually  give  a  black  precipitate  with  sulphydrate  of  am- 
monium, owing  to  the  presence  of  iron.  The  latter  element  may  be 
precipitated,  however,  on  adding  excess  of  ammonia  (and  rapidly 
filtering ;  oxygen  will  be  absorbed  and  most  of  the  manganese  also 
precipitated)  or  on  boiling  the  manganous  solution  with  a  very  little 
carbonate  of  sodium,  which  attacks  the  ferric  salt  in  preference  to 
the  manganous.  Pure  manganous  chloride  may  be  similarly  ob- 
tained on  boiling  the  impure  solution  with  manganous  carbonate ; 
the  latter  decomposes  the  ferric  chloride  with  production  of  ferric 
hydrate  and  more  manganous  chloride,  and  evolution  of  carbonic 
acid  gas. 

To  the  recently  precipitated  manganous  sulphide  add  acetic 
acid  ;  it  is  dissolved. 

This  solubility  enables  manganese  to  be  separated  from  nickel, 
cobalt,  and  zinc,  whose  sulphides  are  insoluble  in  weak  acetic  acid. 
To  express  the  fact  in  another  way — manganese  is  not  precipitated 
by  sulphuretted  hydrogen  from  a  solution  containing  free  acetic  acid 
only. 

Fifth  Reaction. — To  solution  of  manganous  salt  add  am- 
monia;  a  white  precipitate  of  manganous  hydrate  (Mn2H0) 
falls.  Add  excess  of  ammonia ;  some  of  the  precipitate  is  dis- 
solved, and  may  be  detected  in  the  quickly  filtered  solution  by 
sulphydrate  of  ammonium.  But  both  precipitate  and  solution 
rapidly  absorb  oxygen,  the  manganese  passing  into  a  more 
highly  oxidized  condition  in  which  it  is  insoluble  in  ammonia. 

The  fixed  alkalies  give  a  similar  precipitate  msohihU  in  excess. 
The  precipitate  rapidly  absorbs  oxygen,  becomes  brown,  and  grad- 
ually passes  into  a  higher  oxide. 

Hixtli  Reaction. — Heat  a  little  black  oxide  of  manganese  in 
a  test-tube  with  sulphuric  acid  ;  oxygen  is  evolved  and  sul- 
phate of  manganese  formed  {Mnivjani  Snlphaa,  MnSO.„4II.20, 
n.  S.  P.)  ;  add  water,  boil,  filter,  evaporate,  and  set  aside  to 
'•rystallize.    Larger  quantities  are  made  in  a  similar  manner. 

Sulphate  of  manganese  (Mn SO,,, 511^0)  occurs  in  colorless  or  pale 
rosc-colorod,  transpiir(;nt  crystals,  which,  when  deposited  from  a  solu- 
tion at  a  temperature  between  (18°  and  8()°,  have  the  form  of  right 
rhombic  prisms,  and  contain  four  molecules  of  water  (U.  S.  L'.). 
fhi.s  Halt  is  very  soluble  in  water.  Other  sulphates  containing  I, 
20 
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2,  3,  and  9  of  water  arc  known.  The  solution  is  not  colored  by 
tincture  of  nutgall  (a  Ijlack  shows  iron),  hut  aflbrds  witli  caustic 
alkalies  a  white  precipitate  (MnlillO),  which,  by  exposure  to  the  air, 
soon  absorbs  oxygen,  and  becomes  brown.  Sulphydrate  of  aniinoniuin 
throws  down  a  tlesli-colored  precipitate  (MnS),  and  ferrocyanide  of 
jjotassiuiu  a  white  one  (Mn^Fcy). 

Many  other  reactions  occur  between  manganese  salts  and  va- 
rious reagents,  but  are  of  no  particular  synthetical  or  analyt- 
ical interest. 

A  good  method  proposed  by  Crum,  for  detecting  minute 
quantities  of  manganese,  consists  in  adding  dilute  nitric  acid 
and  either  red  lead  or  the  puce-colored  oxide  or  peroxide  of 
lead  to  the  solution,  and  then  boiling ;  a  red  tint,  said  to  be 
due  to  permanganic  acid,  is  imparted  to  the  liquid. 

COBALT. 

Symbol  Co.    Atomic  weight  58.9. 

Source. — Cobalt  occui's  sparingly  in  nature  as  the  arsenide 
(CoAsj),  or  tia-iohile  cohalt,  and  occasionally  as  a  double  ai'senide 
and  sulphide  (CoAs2,CoS^),  or  cohalt  glance  (from  ylanz,  brightness, 
in  allusion  to  its  lustre). 

Uses. — Its  chief  use  is  in  the  manufacture  of  blue  glass,  the  color 
of  which  is  due  to  a  compound  of  cobalt.  Cobalt  is  also  the  coloring 
constituent  of  smalt  (from  smelt,  a  corruption  of  melt),  a  finel3--ground 
sort  of  glass,  used  as  a  blue  pigment  by  paper-stainers  and  others, 
and  employed  also  by  laundresses  to  neutralize  the  yellowish  ap- 
pearance of  washed  linen. 

The  salts  of  cohalt  may  be  obtained  from  the  oxide  (CoO),  and  the 
oxide  from  zaffre,  a  mixture  of  sand  and  roasted  ore. 

Qiiantwaleiice.— The  atom  of  cobalt  often  exhibits  quadrivalent 
affinities,  but  still  more  often  exerts  only  bivalent  powers  (Co''). 
Cobalt  has  analytical  relations  with  zinc,  nickel,  and  manganese, 
and  may  be  regarded  as  a  member  of  the  iron  group. 

Analytical  Reactions  (^Tests'). 

First  Analytical  Reaction. — Pass  sulphuretted  hydrogen 
through  a  solution  of  a  salt  of  cobalt — the  chloride  (CoClj)  or 
nitrate  (Co2NO:,),  for  example;  no  decomposition  occurs.  Add 
ammonia ;  the  sulphydrate  of  ammonium  thus  formed  causes 
the  precipitation  of  black  sulphide  of  cobiUt  (CoS). 

The  moist  precipitate  slowly  absorbs  oxygen  from  the  air,  becom- 
ing converted  into  sulphate  of  cobalt  (CoSO^). 

Second  Analytical  Reaction. — Add  ammonia  gradually  to  a 
cobalt  solution  ;  a  blue  precipitate  of  impure  hydrate  of  cobalt 
(Co2110)  falls.    Add  excess  of  ammonia;  the  precipitate  is 
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ilissolvccl,  yielding  a  liquid  somewhat  more  reddish-brown  than 
the  original  solution. 

A  similar  precipitate  is  given  by  the  fixed  alkalies,  insoluble  in 

CXOOfiS. 

Third  Ava^ytiml  Reaction. — Make  a  borax  bead  by  heating 
a  tVagnient  of  the  salt  on  the  looped  end  of  a  platinum  wire  in 
a  blowpipe-flame  until  a  clear  transparent  globule  is  obtained. 
Place  on  the  bead  a  minute  portion  of  a  cobalt  compound,  or 
touch  it  with  a  drop  of  solution.  Again  fuse  the  borax  ;  a 
blue  bead  results. 

This  is  a  delicate  test  for  cobalt.  From  what  has  previously  been 
said,  it  will  be  seen  that  this  experiment  has  also  considerable  syn- 
thetical interest. 

Fourth  Analytical  Reaction. — To  a  solution  of  a  salt  of  co- 
balt add  two  or  three  drops  of  hydrochloric  acid,  then  excess 
of  solution  of  cyanide  of  potassium,  and  boil  for  ten  minutes; 
oxygen  is  absorbed,  and  cobalticyanide  of  potassium  (K6Co.^Cy]2) 
formed.  Add  hydrochloric  acid,  and  boil  the  mixture  (in  a 
fume-cupboard,  to  avoid  inhalation  of  any  hydrocyanic  acid)  ; 
the  excess  of  cyanide  of  potassium  is  thus  decomposed,  but  the 
cobalticyanide  is  unaffected.  Now  add  excess  of  solution  of 
potash  ;  the  cobalticyanide  of  potassium  is  decomposed,  but  the 
cobalt  remains  dissolved  in  the  alkaline  liquid. 

Nickel  under  similar  circumstances  is  precipitated,  the  reaction 
thus  affording  means  of  separating  these  closely  allied  metals  from 
each  other. 

Other  Reactions  between  a  cobalt  solution  and  different  re- 
agents may  be  performed,  and  various  precipitates  obtained  ; 
but  these  have  no  s^pecial  analytical  interest. 

Invisible  Ink. — Many  salts  of  cobalt  containing  water  of 
crystallization  are  light  red,  the  anhydrous  more  or  less  blue. 
Prove  this  by  writing  some  words  on  paper  with  a  solution  of 
chloride  of  cobalt  sufficiently  dilute  for  the  characters  to  be  in- 
visible when  dry ;  hold  the  sheet  before  a  fire  or  over  a  flame ; 
the  letters  at  once  become  visible,  distinct,  and  of  a  blue  color. 
Breathe  on  the  words,  or  set  the  sheet  aside  for  a  while ;  the 
characters  are  once  more  invisible,  owing  to  absorption  of  moist- 
ure. Hence  solution  of  chloride  of  cobalt  forms  one  of  the 
so-called  yymputhelic  in/a. 

NICKEL. 

Symbol  Ni.    Atomic  weight  58. 

Nickel  is,  chemically,  closely  allied  to  cobalt,  the  ores  of  the  two 
iiictals  boing  commonly  associated  in  nature.    Indeed,  it  is  from 
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speiss,  an  arscnio-sulphide  of  nickel  obtained  in  the  manufacture 
of  smalt,  a  pigment  of  cobalt  already  mentioned,  that  most  of 
the  nickel  met  with  in  commerce  is  ol^tained.  It  is  much  used  in 
the  preparation  of  the  white  alloy  known  as  German  or  nickel 
silver. 

Quantivalence. — Nickel  exerts  bivalent  activity  (Xi'')  in  its 
ordinary  compounds.  Its  salts  and  their  solutions  are  usually 
green.  They  are  chiefly  made,  directly  or  indirectly,  from  the 
metal  itself. 

Anali/lical  Reactions  (  Tests). 

First  Aiialijtical  Reaction. — Pass  sulphuretted  hydrogen 
through  a  solution  of  a  salt  of  nickel — chloride  (NiCl2),  nitrate 
(Ni2N03),  or  sulphate  (NiSOi) ;  no  decomposition  occurs. 
Add  ammonia ;  the  sulphydrate  of  ammonium  thus  formed 
causes  the  precipitation  of  black  sulphide  of  nickel  (NiS). 

Note. — When  sulphate  of  nickel  is  precipitated  by  the  direct  addi- 
tion of  the  common  yellow  solution  of  sulphydrate  of  ammonium, 
which  always  contains  free  sulphur,  there  is  much  difficulty  in  filter- 
ing the  mixture,  owing  to  the  sliglit  solubility  of  sulphide  of  nickel 
in  the  reagent  and  the  formation  of  some  sulphate  of  nickel  (XiSOJ, 
oxygen  being  absorbed  from  the  air  by  the  sulphide.  This  may  be 
avoided  by  warming  the  mixture  and  using  freshly-made  sulphydrate 
of  ammonium,  in  which  the  sulphide  of  nickel  is  insoluble;  or,  where 
practicable,  the  salt  of  nickel  may  be  precipitated  from  an  ammo- 
niacal  solution  by  sulphuretted  hydrogen. 

Second  Analytical  Reaction. — Add  ammonia  drop  by  drop 
to  a  nickel  solution  ;  a  pale-green  precipitate  of  liydrate  of 
nickel  (Ni2B[0)  falls,  especially  on  boiling  the  mixture.  Add 
excess  of  ammonia ;  the  precipitate  dissolves,  yielding  a  bluish 
rather  than  the  original  green-colored  solution. 

A  similar  precipitate  is  given  by  the  fixed  alkalies,  insoluble 
in  excess. 

Third  Analytical  Reaction. — Nickel  salts  color  a  borax  bead, 
when  hot,  a  reddish-yellow  tint ;  the  reaction  is  not  very  ser- 
viceable analytically. 

Fourth  Analytical  Reaction. — To  a  solution  of  a  salt  of 
nickel  add  solution  of  cyanide  of  potassium  ;  cyanide  of  nickel 
(NiCya)  is  precipitated.  Add  excess  of  solution  of  cyanide 
of  potassium  ;  the  pi-ecipitate  is  dissolved  with  formation  of 
double  cyanide  of  nickel  and  potassium  (NiCy.2,2KCy).  Next 
add  hydrochloric  acid,  and  boil  the  mixture  (in  a  fume-cup- 
board), adding  a  little  hydrochloric  acid  from  time  to  time 
until  all  smell  of  hydrocyanic  acid  has  disappeared.  Lastly, 
add  excess  of  solution  of  potash  ;  hydrate  of  nickel  is  precipi- 
tated. 
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Qualitative  Sejmration  of  Cobalt  and  Nickel. 

The  foregoing  reaction  serves  for  the  separation  of  nickel  from 
cobalt.  On  adding  excess  of  hydrochloric  acid  to  a  solution  contain- 
ing the  two  metals,  together  with  cyanide  of  potassium,  a  precipi- 
tate of  cyanide  of  nickel  and  cohalticyanide  of  nickel  occurs.  By 
('l)ullition  with  excess  of  hydrochloric  acid  the  cyanide  of  nickel  is 
ili'composod,  chloride  of  nickel  going  into  solution.  On  then  adding 
excess  of  potash,  hydrate  of  nickel  is  precipitated.  The  cohalticy- 
anide of  nickel  is  not  decomposed  liy  the  acid  ;  but  is  by  the  alkali, 
its  cobalt  going  into  solution  and  its  nickel  remaining  insoluble  as 
liydrate. 

After  filtering  off  the  nickel,  cobalt  is  detected  in  the  filtrate  by 
evaporating  to  dryness  and  testing  the  residue  with  borax  in  the 
blowpipe-tlame. 

W.  li.  Dunstan  thus  modifies  this  process : — 

To  the  acidified  solution  containing  the  two  metals  potassium 
cyanide  is  added  in  excess  until  a  clear  solution  is  obtained.  To  a 
portion  of  this  liquid  a  few  drops  of  yellow  ammonium  sulphide  are 
added  ;  a  dark-red  coloration  indicates  co])alt.  This  reaction  is  very 
characteristic,  and  is  not  interfered  with  by  the  presence  of  nickel. 
The  solution  does  not  give  the  reaction  after  exposure  to  the  air  or 
after  ebullition.  The  remainder  of  the  solution  is  boiled  for  a  few 
minutes,  and  when  cool  hydrochloric  acid  added  in  excess ;  if  both 
metals  are  present  a  dense  bluish-white  precipitate  occurs.  The 
solution  is  boiled  for  some  time  till  free  from  hydrocyanic  acid,  the 
precipitate  remaining  insoluljle,  which  is  a  sure  indication  of  the 
presence  of  both  metals.  To  this  liquid  containing  the  precipitate 
hirge  excess  of  potassium  hydrate  is  added.  The  precipitate  of 
nickelous  cohalticyanide  disappears,  and  is  replaced  by  a  pale-green 
flocculent  precipitate  of  nickelous  hydrate. 

The  reducing  action  of  glycerin  on  nickelic  hydrate  (Ni./)nO), 
and  the  absence  of  any  similar  action  on  cobaltic  hydrate  affords 
another  method  of  separating  the  metals.  (See  Pharmaceutical 
Journal,  May  31,  1879.) 

Another  Process. — To  any  solution  containing  cobalt  and 
nickel  add  excess  of  ammonia,  and  then  enough  solution  of 
ferridcyanide  of  pota.ssium  to  dissolve  any  precipitate.  If 
cobalt  be  present  a  reddish-brown  color  is  produced  in  the 
]i(|uid,  due  to  the  formation  and  solution  of  ferridcyanide  of 
cobalt.  Now  add  solution  of  ferrocyanide  of  potassium ;  a 
whitish  precipitate  of  ferrocyanide  of  nickel  appears,  either  at 
once,  or,  if  the  liquid  is  very  weak,  on  p<irti(illi/  neutralizing 
the  free  ammonia  by  hydrochloric  acid.  The  ammonia  must 
not  be  entirely  neutralized  by  acid,  nor  enough  acid  added  to 
decompose  the  reddish  ferridcyanide  of  cobalt.  If  these  pre- 
cautions be  not  observed,  a  greenish-white  precipitate  of  ferro- 
'■yanidc  of  cobalt  may  be  formed,  and  be  mistaken  for  the 
I'crrocyanide  of  nickel. 
20  « 
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Tlie  value  of  this  method  (Skey  and  Davies)  turns  on  the 
facts  that  ferridcyanide  of  nickel  is  not  a  colored  body,  while 
ferridcyanide  of  cobalt  is  reddish-brown,  and  that  ferridcyano- 
gen  has  apparently,  in  aminoinacal  Holution,  greater  affinity  for 
cobalt  than  for  nickel,  while  ferrocyanogen  has,  apparently, 
greater  affinity  for  nickel  than  for  cobalt.  The  formulas  of 
these  so-called  ferrocyanides  and  ferridcyanides  of  cobalt  and 
nickel  have  not  been  definitely  ascertained. 

Other  reactions  between  a  nickel  solution  and  various  re- 
agents give,  in  many  cases,  insoluble  precipitates  which,  from 
tlieir  green  color,  are  occasionally  useful  in  distinguishing  nickel 
from  allied  elements. 

CHROMIUM. 

Symbol  Cr.    Atomic  weight  52.4. 

Source. — The  chief  ore  of  chromium  is  chrome  ironstone,  a  mix- 
ture of  the  oxides  of  the  metals  (FeO,Cr,^0.,),  occurring  chiefly  in 
the  United  States  and  Sweden.  In  constitution  it  seems  to  resemble 
magnetic  iron  ore  (FeO,Fc.^03). 

Prejmration  of  Bed  Chromate  of  Potassium. — On  roasting  the 
powdered  ore  with  carbonate  of  potassium  and  nitre,  yellow  chro- 
mate of  potassium  (KjCrO.,)  is  obtained  ;  the  mass,  treated  with  acid, 
yields  red  or  bichromate  (KjCrO^jCrO^)  {Potassii  Bichromas,  U.  S. 
P.) ;  from  this  salt  other  chromates  are  prepared,  and  bj'  reduction, 
as  presently  explained,  the  salts  of  chromium  itself.  Tlie  yellow 
and  orange  chromates  of  lead  are  largely  used  as  pigments. 

Note  on  Consiitution . — Red  chromate  of  potassium  is  a  somewhat 
abnormal  salt,  containing,  probably,  neutral  chromate  associated 
with  chromic  anhydride.  The  value  of  chromates  as  chemical 
reagents  is  alluded  to  in  connection  with  chromate  of  barium  (p. 
102).  Heated  strongly  in  a  cruciljle,  red  chromate  of  potassium 
splits  up  into  yellow  chromate,  glistening  oxide  of  chromium,  and 
oxygen. 

Quantivalence. — Chromium  stands  in  close  chemical  relation  to 
iron,  aluminium,  and  manganese.  Its  atom  is  sexivalent  if  the  for- 
nuda  of  the  fluoride  (CrFg)  be  correct.  Like  iron  and  aluminium, 
it  is  trivalent,  as  seen  in  chromic  chloride  (Cr.^Clr,),  hut  sometimes 
exerts  only  bivalent  activity,  as  in  chromous  chloride  (CrClj). 

Passage  of  Chromium  from  the  Acidulous  to  the  Basylons 
Si<h  of  Salts. — Through  an  acidified  solution  of  red  chromate 
of  potassium  pass  sulphuretted  hydrogen  ;  sulphur  is  deposited, 
and  a  green  salt  of  chromium  remains  in  solution,  chloride 
(CrjClo)  if  hydrochloric  acid  be  used,  and  sulphate  (CrjSSOj) 
if  sulphuric  be  the  acid  employed.  Boil  the  liquid  to  expel 
excess  of  sulphuretted  hydrogen,  filter,  and  reserve  the  solution 
for  subsequent  experiments.  (For  an  equation  of  this  reaction, 
see  p.  235.) 
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Alcohol,  sugar,  or  almost  any  substance  which  is  tolerably  lialjlc 
to  oxidation,  will  answer  as  well  as  sulphuretted  hydrogen. 

Sulphate  of  chromium  (Cr23S04),  like  sulphate  of  aluminium 
(Al.v'^SO^),  unites  with  alkali-metal  sulphates  to  form  alums,  which 
resemble  common  alum  both  in  crystalline  form,  and,  as  far  lus  we 
know,  in  internal  structure :  they  arc  of  purple  color. 

Reactions. 

Chromium  as  Chromic  Add,  or  other  Ch.romafe. — This  is 
the  state  in  which  chromium  will  usually  be  met  with,  the  most 
common  salt  being  the  red  chromate  or  bichromate  of  potas- 
sium. Mix  four  volumes  of  a  cold,  saturated  aqueous  solution 
of  red  chromate  of  potassium  with  five  of  oil  of  vitrei ;  on 
cooling,  chromic  anhydride  (CrOj),  Acidum  Chromicum,  U.  S. 
P.,  separates  in  crimson  needles.  After  well  draining,  the 
crystals  may  be  freed  from  adhering  sulphuric  acid  by  washing 
once  or  twice  with  nitric  acid ;  the  latter  may  be  removed  by 
passing  dried  and  slightly  warmed  air  through  a  tube  contain- 
ing the  crystals.  In  contact  with  moisture  chromic  anhydride 
takes  up  water  and  forms  solution  of  true  chromic  acid 
(H.jCrOi).  Chromic  anhydride  is  a  powerfully  corrosive  oxi- 
dizing agent.    It  melts  between  356°  and  374°  F. 

The  oxygen  in  chromic  acid  and  other  chromates,  and  in  manga- 
nates,  permanganates,  black  oxide  of  manganese,  and  puce-colored 
oxide  of  lead,  is  in  a  physically  diiferent  state  from  that  in  pei'oxide 
of  hydrogen,  peroxide  of  barium,  and  similar  compounds.  On 
bringing  chromic  acid  or  the  above  acidified  solution  of  red  chro- 
mate of  potassium  into  contact  with  solution  of  peroxide  of  hydro- 
gen, a  strong  effervescence  of  oxygen  ensues.  According  to  Schiin- 
hcin  and  Brodie  the  o.xygen  of  chi-omic  acid  is  in  the  negative  or 
ozonic  state,  while  that  of  peroxide  of  hydrogen  is  in  the  positive  or 
so-called  antozonic  condition.  Both  are  equally  active,  but  neuti'al- 
ize  each  other,  forming  neutral  or  ordinary  oxygen. 

In  the  analytical  examination  of  solutions  containing  chro- 
mates, the  chromium  will  always  come  out  in  the  state  of  green 
chromic  hydrate  along  with  ferric  hydrate  and  alumina,  the 
l)rior  treatment  by  sulphuretted  hydrogen  reducing  the  chro- 
mium in  the  molecule  to  the  lower  state,  thus : — 

K,CrO^,CrO,  +  8HC1  +  3H,S  =  Cr.Clc  +  2KC1 

-f-  m,o  +  s,. 

Chromium  having  been  found  in  a  solution,  its  condition  as 
chromate  may  be  ascertained  by  applying  to  the  original  solu- 
tion salts  of  barium,  mercury,  lead,  and  silver.  (See  the  vari- 
ous paragraphs  relating  to  those  metals.) 
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Ba2N03      gives  yellow  BaCrOj  \vitli  chrouiates. 
Hg,2N03       "    red  Hg,CiO, 
AgNOa  "      "  Ag.CrO^ 

"  "      "        Ag.,CrO„CrO,  with  bichromates. 

Pb2C,H30,     "    yellow  PbCrO^  with  both. 

Nitrate  of  barium  does  not  completely  precipitate  bichromates, 
bichromate  of  barium  being  soluble  in  water;  the  chromate  of  ba- 
rium is  insoluble  in  water  or  acetic  acid,  but  soluble  in  hyih-o- 
chloric  or  nitric  acid.  Mercurous  nitrate  does  not  wholly  pre- 
cipitate bichromates :  mercuric  nitrate  or  chloride  only  partially 
precipitates  chromates,  and  does  not  precipitate  Ijichromates.  The 
mercurous  chromate  is  insoluble,  or  nearly  so,  in  diluted  nitric  acid. 
The  silver  chromates  are  soluble  in  acids  and  alkalies.  Acetate  of 
lead  precipitates  chromates  and  bichromates,  acetic  acid  being  set 
free  in  the  latter  case. 

A  rielkale  reaction  for  dry  cJn-omatrs  will  be  found  in  the 
formation  of  chlorocliromic  anhyilride  (CrO.,Cl.,).  A  small  por- 
tion of  the  chromate  is  placed  in  a  test-tube  with  a  fragment 
of  dry  chloride  of  sodium  and  a  drop  or  two  of  oil  of  vitrei, 
and  the  mixture  heated  ;  red  irritating  fumes  of  chlorocliromic 
anliydrule  are  evolved,  and  condense  in  dark-red  drops  on  the 
side  of  the  tube. 

Large  quantities  of  pure  distilled  chlorochromic  anhydride  are 
obtained  by  the  same  reaction,  the  operation  being  conducted  in  a 
retort,  with  thoroughly  dry  materials,  for  the  compound  is  decom- 
posed by  water.  It  may  be  regarded  as  chromic  anhydride  in  which 
an  atom  of  oxygen  is  displaced  by  an  equivalent  ((uantity  (two  atoms) 
of  chlorine.  It  is  not  used  in  medicine,  but  is  of  interest  to  the 
chemical  student  as  being  an  illustration  of  a  large  class  of  similar 
bodies — chloro-acidulous  or  chloro-anhijdrous  compoiinds.  The  reac- 
tion is  also  occasiomilly  serviceable  for  the  detection  of  chlorides. 

Analytical  Reactions  of  Chromium  Salts  (TbsAs). 

First  Ar.alytical  Reaction. — To  solution  of  a  salt  of  chro- 
mium (chloride,  sulphate,  or  chrome  alum)  add  sulphydrate  of 
ammonium ;  a  bulky  green  precipitate  of  chromic  hydrate 
(Cr.^GHO),  containing  a  large  quantity  of  water  (7  molecules, 
VHjO),  is  precipitated. 

Cr.Cle  -f  6AmHS  +  GH,0  =  Cr,6H0  -f  GAmCl  -\-  6H,S. 

Second  Analytical  Reaction. — To  solution  of  a  chromium 
salt  add  ammonia ;  chromic  hydrate  is  precipitated,  insoluble 
in  excess. 

Third  Analytical  Reaction. — To  solution  of  a  chromium  salt 
add  solution  of  potash  or  soda,  drop  by  drop  ;  chromic  hydrate 
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is  precipitated.  Add  excess  of  the  fixed  alkali ;  the  precipitate 
is  dissolved.  Boil  well  the  solution  ;  the  chroiuic  hydrate  is 
repreeipitated. 

Iron,  Chromium,  and  Aluminitim  Salts,  chemically  so  alike,  may 
be  separated  by  this  reaction.  Ferric  hydrate  is  insoluble  in  solu- 
tions of  the  fixed  alkalies,  cold  or  hot ;  chromium  hydrate,  soluble 
in  cold  but  not  in  hot ;  hydrate  of  aluminium,  in  both.  To  a  solu- 
tit  n  containing  all  three  metals,  therefore,  add  potash  or  soda,  stir, 
anil  filter ;  the  iron  is  thrown  out :  boil  the  filtrate,  and  filter ;  the 
chronuum  is  thrown  out :  neutralize  the  filtrate  by  acid,  and  then 
add  ammonia ;  the  aluminium  is  thrown  out.  Note,  however,  that 
ferric  hydrate  will  prevent  hydrate  of  chromium  being  dissolved  by 
potash  or  soda  if  the  ferric  hydrate  is  in  considerable  excess.  Before 
concluding  that  chromium  is  entirely  absent,  the  4th  reaction  should 
be  performed.  The  hydrates  of  iron,  chromium,  and  aluminium  are 
insoluble  in  ammonia,  and  may  therefore  be  easily  separated  from 
the  hydrates  of  the  somewhat  analogous  metals  zinc,  cobalt,  nickel, 
anil  manganese. 

Fourth  Analytical  Reaction. — Add  a  salt  of  chromium  (either 
of  the  above  precipitates  of  chromic  oxide  or  the  dry  residue  of 
the  evaporation  of  a  few  drops  of  a  solution  of  a  chromium 
salt)  to  a  few  grains  of  nitre  and  carbonate  of  sodium  on  plat- 
inum foil,  and  fuse  the  mixture  in  the  blowpipe-flame  ;  a  yellow 
mass  of  chromate  of  potassium  and  sodium  (KNaCrOi)  is 
formed.  Dissolve  the  mass  in  water,  add  acetic  acid  to  de- 
compose excess  of  carbonate,  and  apply  the  reagents  for  chro- 
niates. 

This  is  a  delicate  and  useful  reaction  if  carefully  performed. 

TIN. 

Symbol  Sn.    Atomic  weight  117.7. 

Source. — The  chief  ore  of  tin  is  stannic  oxide  (SnOj),  occurring 
in  veins  under  the  name  of  tinstone,  or  in  alluvial  deposits  as  stream- 
tin.  The  oldest  mines  are  those  of  Cornwall.  Much  tin  is  now  im- 
ported from  Australia. 

Prejtaration. — The  metal  is  obtained  by  reducing  the  roasted  and 
washed  ori!  by  charcoal  or  anthracite*  coal  at  a  high  temperature, 
and  is  purified  by  slowly  heating,  when  the  pure  tin,  fusing  first,  is 
nni  off,  a  somewhat  less  fusible  alloy  of  tin  with  small  quantities  of 
arsenicum,  copper,  iron,  or  lead  remaining.  The  latter  is  known  as 
block  tin ;  the  former  heated  till  brittle  and  then  hammered  or  let 


*  Anliirucile  (from  hvdpn^,  anlhraz,  a  burning  coal)  or  stove  coal  difl'er.s 
from  the  ordinary  hilii.mi'nous  or  cakinf/  cnnl  in  containing  less  volatile 
matter,  and,  therefore,  in  burning  without  llame.  It  gives  a  higher 
tempeniturc,  and  from  its  non-caking  properties  is,  in  furnace  opera- 
tions, more  manageable  tiian  bituminous  coal. 
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fall  from  a  height  splits  into  prismatic  fragments,  resemhling  starch 
or  columnar  basalt,  and  is  named  droppRd  or  grain  tin.  Good  tin 
emits  a  crackling  noise  in  bending,  termed  the  cry  of  tin,  caused  by 
the  friction  of  its  crystalline  particles  on  each  other. 

Uses. — Tin  is  an  important  constituent  of  such  alloys  as  pewter, 
Britannia  metal,  solder,  speculum-metal,  bell-metal,  gun-metal,  and 
bronze.  It  is  very  ductile,  and  may  be  rolled  into  plates  or  leaves, 
known  as  tinfoil,  varying  from  to  rmm  of  an  inch  in  thickness. 
Common  tin  foil,  however,  usually  contains  a  large  proportion  of 
lead.  The  reflecting  surface  of  hioking-glasses  was,  formerly,  always 
an  amalgam  of  tin  and  mercury,  produced  by  carefullj'  .sliding  a 
plate  of  glass  over  a  sheet  of  tin  foil  on  which  mercur}^  had  been 
rubbed,  and  then  excess  of  mercury  poured ;  but  pure  silver,  de- 
posited from  a  solution,  is  now  largely  employed.  Pins  are  made 
of  brass  wire,  on  which  tin  is  deposited.  Tin  jjlate,  of  which  com- 
mon utensils  are  made,  is  iron  alloyed  with  tin  by  dipping  the  acid- 
cleansed  sheet  into  melted  tin  covered  with  oil,  which,  by  dissolving 
any  trace  of  oxide,  or,  perhaps,  by  preventing  oxidation,  enables 
the  tin  more  completely  to  alloy  with  the  iron.  Tin  tacks  are  in 
reality  tinned  iron  tacks ;  a  tin  nail  would  be  too  soft  to  drive  into 
wood.  Tin  may  be  granulated  by  melting  and  triturating  briskly 
in  a  hot  mortar,  by  shaking  melted  tin  in  a  box  on  the  inner  sides 
of  which  chalk  has  been  rubbed,  or,  in  thin  little  bells  or  coiTugated 
fragments  (Granulated  Tin,  B.  P.),  by  melting  in  a  ladle  and,  as 
soon  as  fluid,  pouring  from  the  height  of  a  few  feet  into  water. 
Powdered  tin  has  been  used  medicinally  as  a  mechanical  irritant  to 
promote  expulsion  of  worms.  The  hair  of  the  pods  of  Kiioach  or 
Cowhage  (Hindustani)  {Mucuna  2}i'>iriens,  P.  I.)  is  almost  the  only 
medicine  (excluding  diluents  and  dentifi-ices)  which  acts  in  such  a 
directly  mechanical  manner. 

T/ie  chemical  position  of  tin  among  the  metals  is  close  to  that  of 
arsenicum  and  antimony.  Its  atom  is  quadrivalent  and  bivalent. 
The  two  classes  of  salts  are  termed  stannic  and  stannous  respec- 
tively. They  are  all  made  directly  or  indirectly  from  the  metal 
itself. 

Keactions  having  (a)  Synthetical  and  (6)  Analytical 

Interest. 

(o)  Synthetical  Reactions. 

Chloride  of  Tin.   Stannous  Chloride. 

First  Si/nthetical  Reaction. — Warm  a  fragment  of  tin  with 
hydrochlorous  acid  ;  hydrogen  escapes  and  solution  of  stannous 
chloride  (SnCli,  perhaps  Sn;jCl4)  is  formed.  It  may  be  retained 
for  future  experiments. 

One  ounce  of  tin  dissolved  in  three  fluidounccs  of  hydrochloric 
acid  and  one  of  water,  and  the  resulting  solution  diluted  to  five  fluid- 
ounces,  constitutes  the  "  Solution  of  the  Chloride  of  Tin." — B.  P. 

Solid  Stannous  Chloride. — By  evaporation  of  the  above  solution 
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stannous  chloride  is  obtiiinabic  in  crystals  (SnCl.^,2Il20).  It  is  a 
j)o\verful  rt'diiciiif!;  agent,  ovon  a  ililuti;  solution  precipitating  gold, 
silver,  and  nieruury  from  their  solutions,  converting  ferric  and  cupric 
into  ferrous  and  cuprous  salts,  and  partially  deoxidizing  ai'scnic, 
manganic,  and  chromic  acids.  It  absorbs  oxygen  from  the  air,  and 
is  decomposed  when  added  to  a  large  quantity  of  water  unless  some 
acid  be  present.  It  is  used  as  a  mordant  in  dyeing  and  calico- 
printing. 

PercMoride  of  Tin.   Stannic  Chloride. 

Second  Synthetical  Reaction. — Through  a  portion  of  the  so- 
lution of  the  stannous  chloride  of  the  previous  reaction  pass 
chlorine  gas ;  solution  of  stannic  chloride  (SnCl4)  is  formed. 
Or  add  hydrochloric  acid  to  the  stannous  solution,  boil,  and 
slowly  drop  in  nitric  acid  until  no  more  fumes  are  evolved ; 
again  stannic  chloride  results.  Reserve  the  solutions  for  sub- 
sequent experiments. 

Stannic  Oxide,  or  Anhydride,  and  Stannates. 

Third  Synthftical  Rraction. — Boil  a  fragment  of  tin  with 
nitric  acid,  evaporate  to  dryness,  and  strongly  calcine  the  resi- 
due;  light  buff-tinted  stannic  anhydride  (SnOa)  is  produced. 
Heat  the  stannic  anhydride  with  excess  of  solid  caustic  pot- 
ash or  soda  ;  stannate  of  the  alkali  metal  (K-^SnOa  or  Na-jSnOs) 
results.  Dissolve  the  stannate  in  water,  and  add  hydrochloric 
acid ;  white,  gelatinous  stannic  acid  (H.^SnO;,)  is  j^i'ecipitated. 
Stannic  acid  is  also  obtained  on  adding  an  alkali  to  solution  of 
stannic  chloride ;  it  is  soluble  in  excess  of  acid  or  alkali. 

The  product  of  the  action  of  nitric  acid  on  tin  is  also  an  acid,  but 
from  its  insolubility  in  hydrochloric  and  other  acids  is  different  from 
ordinary  stannic  acid.  It  is  termed  metastannic  acid  (from  //fra, 
vieta,  beyond),  and  probably  has  a  composition  expressed  by  the 
formula  II,„.Sn,0,5.  ( Vide  Index,  "  Isomerism.")  It  is  also  pro- 
duced on  gently  heating  stannic  acid : — 

5II,Sn03    =  H.oSn^O,, 

Stiiiiiiic  Mi'tastannic 
acid.  acid. 

>Iot.astannates  have  the  general  formula  MjTI„Sn,;0,5.  Both  acids 
vifid  buff-colored  stannic  oxide  or  anhydride  (SnO^)  when  strongly 
ni'at(!(l.  The  latter  is  employed  in  polishing  plato  under  the  name 
'if  piitly  pnioder.  Stannate  of  sodium  (Na.^8nO.„4II,^0)  is  used  as  a 
mordant  by  dyers  and  calico-printers  under  the  name  of  tin  2>re- 
parcdiqmr. 

(V)  Reactions  having  Analijtical  Interest  (Tests). 
Stannous  or  Stannic  Salts. — Heat  any  solid  tin  compound 
with  a  mixture  of  cyanide  of  potassium  and  carbonate  of  so- 
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dium  on  charcoal  by  the  inner  flame  of  the  blowpipe.  Glob- 
ules of  tin  separate,  having,  when  cut  by  a  knife,  character- 
istic brightness  and  hardness. 

STANNOUS  SALTS. 

First  Analytical  Reaction. — Through  a  dilute  solution  of  a 
stannous  salt  (stannous  chloride,  for  example  ;  see  previous 
page)  pass  sulphuretted  hydrogen  gas  ;  brown  stannous  sul- 
phide (SnS)  is  precipitated.  Pour  off  the  supernatant  liquid, 
add  ammonia  to  the  moist  precipitate  (to  neutralize  acid),  and 
lastly  yellow  sulphydrate  of  ammonium  solution  ;  the  precipi- 
tate is  dissolved. 

Aqueous  solution  of  sulphydrate  of  ammonium  becomes  yellow 
when  a  day  or  two  old,  and  then  contains  excess  of  sulphur,  that 
element  having  become  displaced  by  oxygen  absorbed  from  the  air ; 
hence,  in  the  above  reaction,  the  stannous  sulphide  (SnS),  in  dis- 
solving, becomes  stannic  sulphide  (SnS.^) ;  for  the  hatter  is  pre- 
cipitated on  decomposing  the  alkaline  liquid  l)y  an  acid. 

Second  Analytical  Reaction. — To  solution  of  a  stannous  salt 
add  solution  of  potash  or  soda ;  white  stannous  hj^drate  falls 
(Sn21iO).  Add  excess  of  the  alkali ;  the  precipitate  dissolves. 
Boil  the  solution  ;  some  of  the  tin  is  precipitated  as  blackish 
stannous  oxide  (SnO). 

Ammonia  gives  a  similar  precipitate,  insoluble  in  excess.  The 
alkaline  carbonates  do  the  same,  carbonic  acid  gas  escaping. 

STANNIC  SALTS. 

Third  Analytical  Reaction. — Through  a  solution  of  a  stannic 
salt  (stannic  chloride,  for  example  ;  see  page  239)  pass  sulphur- 
etted hydrogen  gas ;  yellow  stannic  sulphide  (SnS^)  is  precipi- 
tated. Pour  off  the  supernatant  liquid,  and  to  the  moist  pre- 
cipitate add  ammonia  (to  neutralize  acid),  and  then  sulphydrate 
of  ammonium  ;  the  precipitate  dissolves. 

Note. — In  precipitating  stannic  sulphide  the  presence  of  too  much 
hydrochloric  acid  must  be  avoided  ;  the  formation  of  the  precipitate 
is  also  facilitated  if  the  solution  be  warmed.  Stannic  sulpliide,  like 
the  sulphide  of  arsenicum  and  antimony,  dissolves  in  a  solution  of 
alkaline  sulphide  or  sulphydrate,  with  formation  of  definite  crys- 
tallizable  sulphostannates  (JF^Sn^:))- 

Anhydrous  stannic  sulpliide,  prepared  by  sublimation,  has  a  j'el- 
low  or  orange  lustrous  appearance,  and  is  used  by  decorators  as 
hronzing-powdcr.    It  is  sometimes  termed  mosaic  gold. 

Fourth,  Analytical  Reaction. — To  solution  of  a  stannic  salt 
add  potash  or  soda ;  white  stannic  acid  falls  (H^SnOs).  Add 
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excess  of  the  alkali ;  the  precipitate  dissolves.  Boil  the  mix- 
ture ;  no  reprecipitation  occurs — a  fact  enabling  stannic  to  be 
distinguished  from  stannous  salts. 

Ammonia  gives  a  similar  precipitate,  soluble,  but  not  readily,  in 
excess.  The  fixed  alkali-metal  carbonates  do  tiie  same,  carbonic 
acid  gas  escaping ;  after  a  time  the  stannic  salt  is  again  deposited, 
probably  as  stannato  of  the  alkali  metal.  Carbonate  of  ammonium 
and  acid  carbonates  of  alkali  metals  give  a  precipitate  of  stannic 
acid  insoluble  in  excess. 

Antidotes. — In  cases  of  poisoning  by  tin  salts  (dyer'.s  tin  liquor, 
e.  (/.),  solution  of  carbonate  of  ammonium  should  be  given.  AVhite 
of  egg  is  also  said  to  form  an  insoluble  precipitate  with  compounds 
of  tin.  Vomiting  should  be  speedily  induced,  and  the  stomach- 
pump  quickly  applied. 

GOLD. 

Symbol  Au.    Atomic  weight  196.2. 

Source. — Gold  occurs  in  the  free  state  in  nature,  occasionally  in 
nodules  or  nuggets,  but  commonly  in  a  finer  state  of  division  termed 
gold  dust. 

Preparation. — Gold  is  separated  from  the  sand,  crushed  quartz, 
or  other  earthy  matter  with  which  it  may  be  associated,  by  agita- 
tion with  water,  when  the  gold,  from  its  relatively  greater  specific 
gravity,  falls  to  the  bottom  of  the  vessel  first,  the  lighter  mineral 
matter  being  allowed  to  run  off  with  the  water.  From  this  rich 
sand  the  gold  is  dissolved  out  by  mercury,  the  amalgam  filtered, 
and  afterwards  distilled,  when  the  mercury  volatilizes  and  gold 
remains.  The  amalgamation  may  be  much  facilitated  by  the  use 
of  a  small  proportion  of  sodium,  as  already  described  in  treating 
of  silver. 

Pure  gold  is  too  soft  for  general  use  as  a  circulating  medium. 
Gold  coin  is  an  alloy  of  copper  and  gold,  that  of  Great  Britain 
containing  1  of  the  former  to  11  of  the  latter,  or  8^  per  cent,  of 
copper,  that  of  France,  Germany,  and  the  United  States  about  10 
per  cent.  Jeweller's  gold  varies  in  quality,  every  24  parts  containing 
18,  1.5,  12,  or  9  parts  of  gold,  the  alloys  being  technically  termed 
18,  1.5,  12,  or  9  carat  fine.  Articles  made  of  the  better  qualities  are 
usually  stamped  by  authority.  Trinkets  of  inferior  intrinsic  worth 
are  commonly  thinly  coated  with  pure  gold  ))y  electro-deposition  or 
otherwise.  Gold  leaf  (U.  S.  P.),  is  nearly  pure  gold  passed  between 
rollers  till  it  is  about  of  an  inch  in  thickness  and  then  ham- 
mered between  sheets  of  animal  membrane,  termed  gold-beater's 
skin  and  calf-skin  vellum,  till  it  is  tTTTnnTo  o^'  ■nToVoo  "l"  an  inch  in 
thickness.  It  may  even  be  hammered  till  280,000  leaves  would  bo 
rccpured  to  form  a  pile  an  in(;li  thick. 

Gold  Coinage. — The  weight  of  gold  is  expressed  in  Great  Britain 
in  ounces  troy  and  decimal  parts  of  an  ounce,  and  the  nuital  is  always 
taken  to  l)e  of  standard  fincuuiss  (11  gold  and  1  alloy)  unless  other- 
wise described.  The  degree  of  fineness  of  gold,  as  asccsrtained  by 
assay,  is  expressed  decimally,  fine  pure  gold  ('^gold  free  from  metallic 
21 
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impurities,"  B.  P.)  beini;  taken  as  unity,  or  l.U(JO.  Thus  gold  of 
British  standard  is  said  to  be  0.91(56  fine,  of  French  standard  0.900 
fine.  The  legal  weight  of  the  sovereign  is  0.25(58  ounce  of  standard 
gold,  or  123.274  grains.  The  weight  came  from  one  pound  of  stand- 
ard gold  (5760  grains)  lieing  coined  into  44.]  guineas.  Gold  coins 
are  legal  tender  to  any  amount,  provided  that  the  weight  of  each 
sovereign  does  not  fall  below  122.5  grains,  or  in  the  ca.se  of  a  half 
sovereign  61.125  grains;  these  are  the  "  least  current"  weights  of 
the  coins. 

Note. — In  chemical  analysis  gold  come.s  out  among  the  sulphides 
of  the  metals  precipitated  by  sulphuretted  hydrogen ;  and  of  those 
sulphides,  it,  like  the  sulphides  of  tin,  antimony,  and  arsenicum,  is 
soluble  in  sulphydrate  of  ammonium. 

Quantivaleiice. — Gold  is  trivalent  (Au'^'),  but  in  .some  compounds 
univalent  (Au'). 

Reactions. 

Sj/nthe'ical  Reactions. — Place  a  fragment  of  gold  (c  g.,  gold 
leaf)  in  ten  or  twenty  drops  of  aqua  regia  (a  mixture  of  three 
parts  of  nitric  and  four  or  five  of  hydrochloric  acid),  and  set 
the  test-tube  aside  in  a  warm  place  ;  solution  of  perchloride  of 
gold  or  auric  chloride  (AuCla)  results.  When  the  metal  is 
dissolved,  evaporate  nearly  to  dryness  to  remove  most  of  the 
excess  of  fluid,  dilute  with  water,  and  retain  the  solution  for 
subsequent  experiments.  Sixty  grains  of  gold  treated  thus, 
and  the  resulting  chloride  dissolved  in  five  ounces  of  distilled 
water,  constitute  "  Solution  of  Chloride  of  Gold,"  B.  P. 

Au,  +  2HNO3  +  6HC1  =  2AuCU  +  2N0  +  4H,0. 

This  reaction  has  analytical  interest  also  ;  for  in  examining  a  sub- 
stance suspected  to  be  or  contain  metallic  gold,  solution  would  have 
to  be  effected  in  the  above  way  before  reagents  could  be  applied. 
Gold  is  insoluble  in  hydrochloric,  nitric,  and  the  weaker  acids. 

Chloride  of  Gold  and  Sodium  (Auri  et  Sodii  C/iloridum,  U.  S.  P.) 
is  "  a  mixture  composed  of  equal  parts  of  dry  chloride  of  gold  and 
chloride  of  sodium." 

Aiiali/tical  Reactions  (  Tests'). 

First  Avalytical  Reoction. — Through  a  few  drops  of  solution 
of  an  auric  salt  (the  chloride,  AuClj,  is  the  only  convenient 
one)  pass  sulphuretted  hydrogen  ;  brown  auric  sulphide  (Au-^Sj) 
is  precipitated.  Filter,  wash,  and  add  yellow  sulphydi-ate  of 
ammonium  solution  ;  the  precipitate  dissolves. 

Second  Anulijticul  Reaction. — To  solution  of  a  salt  of  gold 
add  ferrous  chloride  or  sulphate,  and  set  the  tube  aside;  metal- 
lic gold  is  precipitated,  a  ferric  salt  remaining  in  .solution. 

This  is  a  convenient  way  of  preparing  pure  gold,  or  fine  gold  as 
it  is  termed,  or  of  working  up  the  gold  residues  of  laboratory  opera-. 
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tidiis.  The  precipitate,  after  boiling  with  Jiydrocliloric  acid,  wasliing 
and  drvinu;,  may  l)e  obtained  in  a  button  by  mixing  with  an  equal 
weigiit  of  borax  or  acid  sulpluito  of  potassium  and  fusing  in  a  good 
furnace. 

Tliird  Analijtical  Reaction. — Add  a  few  drops  of  dilate  so- 
lutions of  stannous  and  stannic  chloride  to  a  considerable 
([uantity  of  distilled  water;  pour  the  liquid,  a  small  quantity 
at  a  time,  in  a  very  dilute  solution  of  auric  chloride  (AuCl,), 
well  stirring- ;  the  mixture  assumes  a  purple  tint,  and  flocks  of 
a  precipitate  known  as  the  Piirph  of  (  'an:  ins  (from  the  name 
of  the  discoverer,  M.  Cassius)  are  produced. 

The  same  compound  is  formed  on  immersing  a  piece  of  tin  foil  in 
solution  of  auric  chloride  ;  it  is  said  to  be  a  mixture  of  auric,  aiirous, 
stannic,  and  stannous  oxides.  It  is  the  coloring  agent  in  the  finer 
varieties  of  ruljy  glass. 

PLATINUM. 

Symbol  Pt.    Atomic  weight  194.4. 

Source. — Platinum,  like  gold,  usually  occurs  in  nature  in  the  free 
state,  the  chief  sources  of  supply  being  Mexico,  Brazil,  and  Siberia. 
It  is  sepai'ated  from  the  alluvial  soil  by  washing. 

Uses. — The  chief  use  of  platinum  is  in  the  construction  of  foil,  wire, 
crucibles,  spatulas,  capsules,  evaporating-dishes,  and  stills  for  the 
use  of  the  chemical  analyst  or  manufacturer.  It  is  toleraldy  hard, 
fusible  with  very  great  ditlBculty,  not  dissolved  by  hydrochloric,  nitric, 
or  sulphuric  acid,  and  only  slightly  affected  by  alkaline  substances. 
It  is  attacked  by  aqua  regia,  with  production  of  perchloride  of  plat- 
inum or  platinic  chloride  (PtCl^).  It  forms  fusible  alloys  with  lead 
and  other  metals,  and  with  phosphoi'us  a  phosphide,  which  easily 
melts.  Neither  of  these  sulistances,  therefore,  nor  mixtures  which 
may  yield  a  metal,  should  be  heated  in  platinum  vessels. 

The.  rhemir.al  position  of  plathuitn  among  the  elements  is  close  to 
that  of  gold.  Its  atom  is  (piadrivalent  in  some  compounds,  in  others 
apparently  bivalent  (Pf ).  The  higher  salts  are  termed  jj^aW/iiV,  the 
lower  plalinous. 

The  specific  gravity  of  platinum  is  21. .5  ;  and  that  of  iridium,  an 
allied  metal,  22.4. 

Kkactions. 
Perchloride  of  Platinum.   Platinic  Chloride. 

Sijntlut ic<il  Reaction. — Place  a  fragment  of  platinum  in  a 
little  aqua  regia  and  set  the  vessel  aside  in  a  warm  place,  add- 
ing nnire  acid  from  time  to  time  if  necessary  ;  solution  of  per- 
chloride of  platinum  (PlCl,)  results.  Evaporate  the  solution 
to  remove  excess  of  acid,  and  complete  the  desiccation  over  a 
water-bath.    Dissolve  (he  residue  in  water,  and  retain  the  solu- 
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tion  for  subsequent  experiments,  and  as  a  reagent  for  the  pre- 
cipitation of  salts  of  potas.siiuii  and  ammonium. 

A  quarter  of  an  ounce  of  platinum  treated  in  the  above  manner, 
and  the  resulting  chloride  dissolved  in  five  ounces  of  water,  con- 
stitutes "  Solution  of  Perchloride  of  Platinum,"  B.  P.,  or  1  part  of 
pure  platinic  chloride  (PtCl^jSlI^O)  dissolved  in  20  of  distilled  water 
gives  "Test  Solution  of  Platinic  Chloride,"  U.  S.  P. 

This  reaction  has  analytical  interest  also  ;  for  in  examining  a  sub- 
stance suspected  to  be  or  to  contain  metallic  platinum,  solution  would 
have  to  be  thus  effected  before  reagents  could  be  applied. 

Analytical  Renctions  (  Test>i). 
First  Aaali/tical  Reaction. — Through  a  few  drops  of  a  solu- 
tion of  a  platinic  salt  (PtCl^  is  the  only  convenient  one),  to 
which  an  equal  quantity  of  solution  of  chloride  of  sodium  has 
been  added,  pass  sulphuretted  hydrogen  ;  dark-brown  platinic 
sulphide  (PtS.,)  is  precipitated.  Filter,  wash,  and  add  sulphy- 
drate  of  ammonium ;  the  precipitate  dissolves. 

If  chloride  of  sodium  be  not  present  in  the  above  reaction,  the  pre- 
cipitated sulphide  will  contain  platinous  chloride,  and  may  detonate 
if  heated. 

Second  Analytical  Reaction. — Add  excess  of  solution  of  car- 
bonate of  sodium  and  some  sugar  to  solution  of  perchloride  of 
platinum  and  boil ;  a  precipitate  of  metallic  platinum  falls. 

Platinum  Black  is  the  name  of  this  precipitate.  It  possesses  in 
a  high  degree  a  quality  common  to  many  substances,  but  largely 

fossessed  by  platinum,  namely,  that  of  absorbing  or  occluding  giises. 
n  its  ordinary  state,  after  well  washing  and  drying,  it  absorbs  from 
the  air  and  retains  many  times  its  bulk  of  oxygen.  A  drop  of  ether 
or  alcohol  placed  on  it  is  rapidly  oxidized,  the  platinum  becoming 
hot.  This  action  may  be  prettily  shown  by  pouring  a  few  drops  of 
ether  into  a  beaker  (one  having  portions  of  the  top  and  sides  broken 
off  answers  best),  loosely  covering  the  vessel  with  a  card,  and  sus- 
pending within  the  beaker  a  platinum  wire,  one  end  being  attached 
to  the  card  by  passing  through  its  centre,  the  other  terminating  in 
a  short  coil  or  helix  near  the  surface  of  the  ether ;  on  now  Avarming 
the  helix  in  a  flame  and  then  rapidly  inti'oducing  it  into  the  beaker, 
it  will  become  red  hot,  and  continue  to  glow  so  long  as  there  is  ether 
in  the  vessel.  In  this  experiment  real  combustion  goes  on  between 
the  ether  vapor  and  the  concentrated  oxygon  of  the  air,  the  products 
of  the  oxidation  revealing  themselves  by  their  odor. 

Third  Analytical  Reaction. — To  solution  of  perchloride  of 
platinum  add  solution  of  chloride  of  ammonium  ;  a  j-ellow 
granular  precipitate  of  double  chloride  of  platinum  and  ammo- 
nium (PtCl4,2AmCl)  falls.  When  slowly  formed  in  dilute  .so- 
lutions, the  precipitate  is  obtained  in  minute  orange  prisms. 
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Chloride  of  potassium  (KCl)  gives  a  similar  precipitate  (i'tCl,- 
21\.CI).  Platiiiic  c-hloridc  havinji;  Leon  stated  to  1)0  a  test  for  potas- 
sium and  ammonium  salts,  tlie  reader  is  prepared  to  find  that  potas- 
sium and  ammonium  salts  are  tests  for  platinie  salts.  The  double 
sodium  compound  (FtCl42NaCl)  is  soluble  in  water. 

Collect  the  precipitate,  dry,  and  heat  in  a  small  crucible ; 
it  is  decomposed,  and  metal,  in  the  finely  divided  state  of 
itpouiji/  platinum,  remains. 

3(PtCU2NH,Cl)  -  Pt,  +  2NH,C1  +  16HC1  -f  2N,. 

Ilcat  decomposes  the  potassium  salt  into  Pt  +  2KC1  +  CI.,,  the 
chlorine  escaping  and  the  chloride  of  potassium  remaining  with  the 
platinum. 

In  workiiuj  itp  the  platinum  residues  of  laboratory  operations,  the 
mixture  should  be  dried,  burnt,  boiled  successively  with  hydrochloric 
acid,  water,  nitric  acid,  water,  then  dissolved  in  aqua  regia,  excess 
of  acid  removed  by  evaporation,  chloride  of  ammonium  added,  the 
precipitate  washed  with  water,  dried,  ignited,  and  the  resulting 
spongy  platinum  i*etained  or  converted  into  perchloride  for  use  as  a 
reagent  for  alkali  metals.  It  is  by  this  process  that  the  native  plat- 
inum is  treated  to  free  it  from  the  rare  metals  palladium,  rhodium, 
osmium,  ruthenium,  and  iridium.  The  spongy  platinum  is  converted 
into  the  massive  condition  by  a  refinement  on  the  blacksmith's  pro- 
cess of  weldinc/  (German  wellen,  to  join),  or  by  fusing  in  a  flame  of 
pure  oxygen  and  hydrogen  gases,  the  oxyhydrogen  blowpipe. 

Occlusion  bi/  Spompj  Platinum,. — -Spongy  platinum  has  great 
power  of  occlusion.  A  small  piece  held  in  a  jet  of  hydrogen  causes 
Ignition  of  the  gas,  owing  to  the  close  approximation  of  particles  of 
oxygen  (from  the  air)  and  hydrogen.  Diibereiner's  lamp  is  con- 
structed on  this  principle — the  apparatus  being  essentially  a  vessel 
in  which  hydi'ogen  is  generated  by  the  action  of  diluted  sulphuric 
acid  on  zinc,  and  a  cage  for  holding  the  spongy  platinum. 

CADMIUM. 

Symbol  Cd.    Atomic  weight  111.8. 

In  most  of  its  chemical  relations  cadmium  {Cadmium,  U.  S.  P.) 
resembles  zinc.  In  nature  it  occurs  chiefly  as  an  occasional  con- 
stituent of  the  ores  of  that  metal.  In  distilling  zinc  containing 
cadmium,  the  latter,  being  the  more  volatile,  passes  over  first.  In 
analytical  operations,  cadmium,  unlike  zinc,  comes  down  among  the 
inetiils  pr(!(;ipitated  by  sulpliurcitted  hydrogen  ;  that  is,  its  sulphide 
is  insoliibh^  in  dilute  liy<ln)chloric  acid,  while  sulj)liide  of  zinc  is 
soluble.  It  is  a  white  malleable  metal  nearly  as  volatile  as  mercury. 
Sp.  gr.  8.7. 

Beyond  the  occasional  employment  of  the  sulphide  as  a  pigment 
{jaiinii  brilliinl),  aiftl  the  iodich;  in  photography  and  medicine,  cad- 
mium and  its  salts  are  but  little  used.  The  atom  of  cadmium  is 
bivalent  (VaV). 

21  *• 
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Reactions. 
Iodide  of  Cadmium. 

First  Synthetical  Reaction. — Digest  together  in  a  flask  me- 
tallic cadmium,  water,  and  iodine  until  the  color  of  the  iodine 
disappears;  solution  of  iodide  of  cadmium  (Oadmii  lodidim, 
B.  P.)  (Cdlj)  remains.  Pearly  micaceous  crystals  may  be  ob- 
tained on  evaporating  the  solution. 

Thi.s  is  the  process  alluded  to  in  the  British  Pharmacopoeia.  The 
salt  is  also  employed,  with  other  iodides,  in  iodizing  collodion  for 
photographic  purposes.  It  melts  when  heated,  and  is  soluble  in 
water  or  spirit,  the  solution  reddening  litmus-paper. 

Sulphate  of  Cadmium. 

Sccovd  Syiitlietical  Reaction. — Dissolve  cadmium  in  nitric 
acid ;  pour  the  resulting  solution  of  nitrate  of  cadmium 
(Cd2N03)  into  a  solution  of  carbonate  of  sodium  ;  dissolve  the 
precipitate  of  carbonate  of  cadmium  (CdCOa)  in  dilute  sul- 
phuric acid,  separate  and  crystallize.  Sulphate  of  cadmium 
(CdSOj)  is  a  white  crystalline  salt  soluble  in  water. 

Fir>it  Avali/ticnl  Reaction. — Through  solution  of  a  cadmium 
salt  (Cdl.^  or  CdCla)  pass  sulphuretted  hydrogen  ;  a  yellow 
precipitate  of  sulphide  of  cadmium  (CdS)  falls,  resembling  in 
appearance  arsenious,  arsenic,  and  stannic  sulphides.  Add 
sulphydrate  of  ammonium  ;  the  precipitate,  unlike  the  sul- 
phides just  mentioned,  does  not  dissolve. 

Sulphides  of  cadmium  and  copper  may  he  separated  by  solution 
of  cyanide  of  potasssium,  in  which  sulphide  of  copper  is  soluble  and 
sulphide  of  cadmium  insoluble. 

Second  Avnhjticcd  Reaction. — To  a  cadmium  solution  add 
solution  of  potash ;  white  hydrate  of  cadmium  (Cd2H0)  is 
precipitated,  insoluble  in  excess  of  the  potash. 

Hydrate  of  zinc  (Zn2H0),  precipitated  under  similar  circum- 
stances, is  soluble  in  solution  of  potash ;  the  filtrate  from  the  hy- 
drate of  cadmium  may  therefore  be  tested  for  any  zinc  occurring  as 
an  impurity  by  applying  the  appropriate  reagent — sulphydrate  of 
ammonium. 

Before  the  blowpipe- flame.,  on  charcoal,  cadmium  salts  give 
a  brown  deposit  of  oxide  of  cadmium  (CdO). 

BISMUTH. 

Symbol  Bi.    Atomic  weight  210. 

Source. — Bismuth  occurs  in  the  metallic  state  in  nature.  It  is 
freed  from  adherent  quartz,  etc.  by  simply  heating,  when  the  metal 
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molts,  runs  oft',  and  is  collected  in  appropriate  vessels.  It  is  also  met 
with  in  combination  with  other  elements.  Bismuth  is  grayisli-white, 
with  a  distinct  pinkish  tinge. 

Uses. — Beyontl  the  employment  of  some  of  its  compounds  in  medi- 
cine, bismuth  is  but  little  used.  Melted  bismuth  expands  consider- 
ably on  solidifyinir,  and  hence  is  valuable  in  taking  sharp  impres- 
sions of  dies.  It  is  a  constituent  of  some  kinds  of  type-metal  and 
of  pewter-solder. 

The  position  of  bismidh  among  the  metals  is  close  to  that  of  ar- 
senicura  and  antimony.  Its  atom  ia  rarely  quinquivalent  (Bi^),  bu*; 
in  most  compounds  trivalent  (Bi'^'). 

Reactions  having  (a)  Synthetical  and  (i)  Analytical 

Interest. 

((!>)  Reactions  having  Synthetical  Interest. 

Nitrate  of  Bismuth. 

First  Sj/iifhefical  Reaction. — To  a  few  drops  of  nitric  acid 
and  an  equal  quantity  of  water  in  a  test-tube  add  a  little  pow- 
dered bismuth,  heating  the  mixture  if  necessary  ;  nitric  oxide 
(NO)  essapas,  and  solution  of  nitrate  of  bismuth  (Bi3N0j) 
results. 

Bi,    +    SriNO;,    =    2(Bi3NOj)    +    2N0    +  4H,0 

Bis-  Xitric  acid.  Nitrate  of  Nitric  Water, 

ninth.  bismuth.  oxide. 

The  solution  evaporated  gives  crystals  (BiSNOg, 511.^0),  any  arsen- 
icum  which  the  bismuth  might  contain  remaining  in  the  mother- 
liquor.  Native  bismuth  commonly  contains  arsenicum,  most  of 
which  is  removed  by  roasting  or  by  fusing  two  or  three  times  with 
a  tenth  of  its  weight  of  nitre,  or,  finally,  by  converting  the  metal 
into  oxynitrate,  as  described  in  the  next  reaction,  and  reducing  this 
with  charcoal  at  a  high  temperature. 

To  make  nitrate  of  bismuth  and  other  salts  on  a  larger  .scale,  2 
ounces  of  the  metal,  in  small  fragments,  arc  gradually  added  to  a 
mixture  of  4  flnidounces  of  nitric  acid  and  3  of  water,  and,  when 
(•ircrvoscence  (due  to  escape  of  nitric  oxide)  has  ceased,  the  niixture 
is  heated  for  ten  minutes,  poured  off  from  any  insolulile  matter, 
evaporated  to  2  fluidoun(!es  to  remove  excess  of  acid,  and  then  either 
sot  aside  for  cri/stals  to  form,  or  poured  into  a  half  gallon  of  water 
to  form  the  oxi/nilratc  of  bismuth,  or  into  a  solution  of  0  ounces  of 
carbonate  of  ammonium  in  a  quart  of  water  to  form  tiie  oxi/rarlio- 
nate,  as  doscribisd  in  the  following  reactions.  The  precipitates  should 
bo  washed  with  cold  water  and  dried  at  a  t(!m])eratnre  not  (jxceeding 
lof)°  F.  Exposcrl  in  the  moist  state  to  212°  for  any  length  of  timCj 
they  undergo  slight  decomposition. 

Subnitrate  or  Oxynitrate  of  Bismuth. 

Second  Synthetical  Rc.aclion. — I'our  some  (d'  the  above  solu- 
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tion  of  nitrate  into  a  considerable  quantity  of  water  ;  decompo- 
sition occurs,  and  oxynitrate  of  bismuth  (J3iONO:i)  in  a  hydrous 
state  (BiONO.ijHaO)  {BLmuthi  hSubintrm,  U.  S.  P.)  is  precipi- 
tated : — 

BiSNO;,    +    H,0    =    BiONO,    -f  2HN0:, 

Nitruty  of  Watur.  Oxyiiitiiito  of  Nitric  a;;id. 

bismuth.  bismutli. 

Filter,  and  test  the  filtrate  for  bismuth  by  adding  excess  of 
carbonate  of  sodium  ;  a  precipitate  shows  that  some  bismuth 
remains  in  solution.  The  following  equation,  therefore,  prob- 
ably more  nearly  represents  the  decomposition  : — 

5(Bi3N03)   +   8H.,0  =   4(BiONO„H.,0)   +  Bi3NO.,;8HN03 

Nitrate  oi'  Watef.  OxyiiitiatB  of  Nitrate  of  bismutli 

bismutli.  bismuth.  in  acid. 

Decomposition  of  nitrate  of  hi.smiith  by  water  is  the  process  of 
the  Pharmacopojia  for  the  preparation  of  oxynitrate  or  "subnitrate"' 
of  bismuth  for  use  in  medicine.  For  this  purpose  the  original  metal 
must  contain  no  arsenicum.  lu  manufacturing  the  comjjound, 
therefore,  before  pouring  the  solution  of  nitrate  into  water,  the 
liquid  should  be  tested  for  arsenicum  by  one  of  the  hydrogen  tests ; 
if  that  element  be  present,  the  solution  must  be  evaporated  and  only 
the  deposited  crystals  be  used  in  the  preparation  of  the  oxynitrate. 
For  on  pouring  an  arsenical  solution  of  nitrate  of  bismuth  into 
water,  the  arsenicum  is  not  wholly  removed  in  the  supernatant 
liquid,  unless  the  oxynitrate  be  redissolved  and  reprecipitated  sev- 
eral times,  according  to  the  amount  of  arseniciun  present. 

Subnitrate  of  bismuth  is  gradually  decomposed  by  solution  of 
alkaline  carbonates ;  also  by  the  bi  car  lion  ates,  with  production  of 
carbonic  acid  gas,  oxycarbonate  of  bismuth  and  nitrate  of  the  alkali- 
metals  being  formed.  It  is  used  as  a  cosmetic  under  the  name  of 
Pearl-white  {Blanc  de  Perle). 

Oxysalis  of  Bismuth — It  will  be  noticed  that  the  formula  for  sub- 
nitrate  of  bismuth  (BiNOJ  does  not  accord  with  that  of  other 
nitrates,  the  characteristic  elements  of  which  are  NO3.  Analogy 
would  seem  to  indicate,  however,  that  the  fourth  atom  of  oxygen 
has  different  fimctions  from  the  three  in  the  NO3 ;  for  on  pouring 
solution  of  chloride  of  bismuth  (BiCl.,)  into  water,  oxychloride  is 
produced  (BiOCl)  (a  white  powder  used  as  a  cosmetic,  also  in 
I  enamels,  and  in  some  varieties  of  sealing-wax).  The  jiromide 
(BiBrj)  and  iodide  (Bilj)  similarly  treated  yield  oxj'bromide  (BiOBr) 
and  oxyiodide  (BiOI).  The  subnitrate  (BiNO^)  is,  therefore,  prob- 
ably an  analogous  compound,  an  oxynitrate  (BiONO.,).  The  sulphate 
(Bi.yjSOj)  also  decomposes  when  placed  in  water,  giving  what  may  be 
termed  an  oxysulphate  (Bi^,0.,SO^). 

It  is  difficult  to  prove  whether  or  not  the  water  in  the  "  sub- 
nitrate" or  hydrous  oxynitrate  of  l)isnuith  (BiONO.i,H.,0)  is  an  inte- 
gral part  of  the  salt.  If  it  is,  the  conqjound  is  simply  the  hj'drato- 
iiitrate  (BiX0^2II0)  of  Itismuth. 
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Oxide  of  Bismuth. 

Third  Si/ntheticnl  Reaction. —  Boil  subnitratc  of  bismuth 
with  solution  of  sotla  for  a  few  minutes  ;  it  is  converted  into 
jellowish  oxide  of  bismuth  (Bi.^O:!)  {Bismnthi  Oxidwn^  E.  P.). 

2BiONO,   +    2NaII0    =    BiA    +   2NaN03    +  H,0 

Oxyiiitnite  of  Hydrate  of  Oxiilo  of  Nitiate  of  Water, 

iisuiutli.  sudium.  biemiitli.  Eodium. 

Subcarbonate  or  Oxyearbonate  of  Bismuth. 

Fourth  Synthetical  Reaction. — To  solution  of  nitrate  of  bis- 
muth add  carbonate  of  ammonium  or  carbonate  of  sodium  ;  a 
white  precipitate  of  hydrous  oxyearbonate  (2Bi202CC)a,H20) 
(Biiiniithi  Subcurbonaa,  U.  S.  P.)  falls. 

2(Bi.3NO,)         Na^COa         6NaN0.,    +    Bi,0,CO,    +  2C0, 

Nitiate  of  Cuiboiinto  of  Niti'uto  of  Oxycai  boiiiite  Carbonic 

bi:<uiutb.  sodium.  Hudium.  ofbisniutb.  acid  gu8. 

This  coinpound  may  be  regarded  as  similar  in  constitution  to  the 
oxysalts  just  described.  In  BijCOj  one  scarcely  recognizes  the  cha- 
racteristic elements  of  carbonates  ;  hut  considering  the  preparation 
to  be  an  oxyearbonate  (Bi,02C0;i),  its  relations  to  carbonates  and 
oxides  are  evident.  These  subsalts  may  all  be  viewed  as  normal 
bismuth  salts  in  which  an  atom  of  oxygen  displaces  an  equivalent 
proportion  of  other  acidulous  atoms  or  radicals: — 


Chloride    ....  Bi3Cl  Oxychloride  .  .  BiOCl 

Bromide    ....  Bi3Br  Oxyhromide  .  .  BiOBr 

Iodide   Bi3I  Oxyiodide     .  .  BiOI 

Nitrate   BiSNOg  Oxynitrate    .  .  BiOJVO, 

Sulphate    ....  Bi23SDj  Oxysulphate .  .  Bi.302S04 


Carbonate  (unknown)  BijSCOj        Oxyearbonate    .  Bi^OjCOj 

They  may  be  viewed,  in  short,  as  salts  in  process  of  conversion  to 
oxide;  continue  the  substitution  a  little  further,  and  each  yields 
oxide  of  bismuth  (Bi„0.,).  They  have  also  been  considered  to  be 
salts  of  a  hypothetical  univalent  radical,  bismuthyl  (BiO). 

Citrate  of  Bismuth. 

Fifth  S'l/nfhef  irnl  Rmction . — Heat  ten  parts  of  oxynitrate  of 
bismuth,  seven  of  citric  acid  crystals,  and  thirty  to  forty  of 
water  together  for  a  few  minutes,  until  a  drop  of  the  mixture 
forms  a  clear  solution  with  ammonia-water.  Dilute  the  crystal- 
line mass  with  eight  to  ten  times  its  volume  of  water,  and  set 
aside  for  a  .short  time  to  let  the  citrate  deposit ;  decant  the 
clear  liquid.  Wash  the  crystalline  sediment  three  or  four  times 
m  a  similar  manner,  drain  and  dry,  either  on  a  Avater-bath  or 
by  mere  exposure.  The  yield  is  liVn  parts,  showing  that  the 
salt  is  anhydrous,  and  that  its  formula  is  BiOaHjO,  (Bother). 
This  is  the  BismiUhi  Citrus,  TJ.  S.  P. 
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Sixth  SynfJu'li'dl  Rcdrtion. — Mix  citrate  of  bismuth  willi 
water,  add  sufficient  solution  of  aiumonia  to  form  a  clear  liquid, 
filter  if  necessary,  evaporate  to  a  syrupy  consistence,  spread  on 
glass  plates,  and  dry  slowly  until  pearly  scales  are  obtained. 
This  is  the  Biamuthi  et  Ammonii  Citrus,  U.  >S.  P. 

(h)  Reactions  having  Analytical  Interest  (^Tests'). 
First  Analytical  Reaction. — Through  solution  of  a  bismuth 
salt  (a  slightly  acid  solution  of  nitrate,  for  example)  pass  sul- 
phuretted hydrogen  ;  a  black  precipitate  of  sulphide  of  bismuth 
(  Bi.^S3)  falls.  Add  ammonia  (to  neutralize  acid),  and  then  sulphy- 
drate  of  ammonium  ;  the  precipitate,  unlike  As^Sa  and  Sb^Sj,  is 
insoluble. 

Second  Analytical  Reaction. — Concentrate  almost  any  acid 
solution  of  a  bismuth  salt  and  pour  into  water ;  a  white  salt  is 
precipitated. 

This  reaction  is  characteristic  of  bismuth  salts ;  it  has  already 
been  amply  explaiuLMl.  The  precipitate  is  distinguished  from  one 
formed  liy  antimony  under  similar  circumstances  by  being  insol- 
uble in  solution  of  tartaric  acid. 

Third  Analy'icd  Rea.ction. — To  a  solution  of  a  bismuth  salt 
add  an  alkali ;  hydrate  of  bismuth  (BiiiHO)  is  precipitated,  in- 
soluble in  excess. 

Fourt}i  Analytical  Reaction. — A  small  quantity  of  the  fol- 
lowing reagent,  including  both  supernatant  liquid  and  precip- 
itated scales,  is  transferred  to  a  test-tube  and  gradually  heated 
until  solution  takes  place.  Any  liquid  containing  or  supposed 
to  contain  bismuth  is  then  added,  and  the  whole  allowed  to  cool. 
The  separated  scales  will  show  a  distinct  change  in  color  to 
dark  orange  or  crimson  according  to  the  quantity  of  bismuth 
present. 

The  test-reagent  may  be  prepared  l)y  adding  to  a  boiling  solution 
of  acetate  of  lead  (half  a  grain  to  the  ounce)  solution  of  iodide  of 
potassium  in  considoralile  excess.  The  solution  of  the  iodide  of 
lead  precipitated  is  assisted  l)y  a  little  acetic  acid.  On  cooling, 
iodide  of  lead  is  deposited  in  the  characteristic  scales. 


The  reader  is  again  advised  to  trace  out  the  exact  nature  of  each 
of  the  foregoing  reactions,  chiefly  by  aid  of  equations  or  diagrams. 


QUESTIONS  AND  EXERCISES. 

343.  Enumerate  the  fifteen  metals,  salts  of  which  are  frequently 
employed  in  pharmacy. 


QUESTIONS  AND  EXERCISES, 


344.  Mention  the  twelve  rarer  metals  interesting  to  pharmacists, 

345.  Name  tlie  sources  and  official  coni[)Oun(ls  of  litliium. 

346.  Give  an  c(juation  explanatory  of  the  formation  of  Citrate  of 
Lithium. 

347.  What  is  the  strentjfch  of  Liquor  Li/hice  Effervescens  ? 

348.  On  what  chemical  hypothesis  are  lithium  compounds  admin- 
istered to  gouty  p;itients  ? 

349.  Describe  the  relation  of  lithium  to  other  metals. 

350.  What  is  the  chief  test  for  lithium  ? 

3ol.  Write  a  paragraph  on  strontium,  its  natural  compounds,  chem- 
ical relations,  technical  applications,  and  tests. 

352.  AVhat  are  the  formulaj  and  properties  of  oxalate  of  cerium? 

353.  Name  the  commonest  ores  of  manganese,  and  give  an  equa- 
tion descriptive  of  its  reaction  Avith  hydrochloric  acid. 

354.  Explain  the  formation  of  permanganate  of  potassium,  em- 
ploying diagrams  or  equations. 

355.  In  what  manner  do  the  manganates  of  potassium  act  as 
disinfectants  ? 

356.  What  are  the  chief  tests  for  manganese? 

357.  What  are  the  chief  uses  of  the  compounds  of  cobalt? 

358.  How  are  salts  of  cobalt  analytically  distinguished  from  those 
of  nickel  ? 

359.  Mention  an  application  of  nickel  in  the  arts. 

360.  What  is  the  general  color  of  nickel  salts  ? 

361.  State  the  method  of  preparation  of  red  chromate  of  potas- 
sium. 

362.  Give  the  formute  of  red  and  yellow  chromates  of  potassium, 

363.  How  is  red  chromate  of  potassium  obtained? 

364.  Describe  the  action  of  sulphuretted  hydrogen  on  acidified 
solutions  of  chromates. 

365.  What  is  the  formula  of  chrome  alum? 

366.  Mention  the  chief  tests  for  the  chromic  radical,  and  for 
chromium. 

367.  How  would  you  detect  iron,  chromium,  and  aluminium  in  a 
solution  ? 

368.  Define  the  terms  tinstone,  stream-tin,  block-tin,  gi-ain-tin, 
tin-plate. 

369.  Describe  the  position  occupied  by  tin  in  relation  to  other 
metals. 

370.  What  is  the  difference  between  stannic  acid  and  metastannic 
acid  ? 

371.  State  the  applications  of  tin  in  the  arts. 

372.  Mention  the  chi(!f  tests  for  stannous  and  stannic  salts. 

373.  Name  the  best  antidote  in  cases  of  poisoning  by  tin  solution, 

374.  How  is  gold  dust  separated  from  the  earthy  matter  with  which 
it  is  naturally  associated? 

375.  How  much  pure  gold  is  contained  in  English  coin  and  in 
jeweller's  gold  ? 

376.  State  the  average  thickness  of  gold  leaf. 

377.  What  is  tiie  weight  of  a  sovereign? 

378.  Explain  the  term  "  fineness"  as  applied  to  gold. 
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379.  AVhat  effect  is  produced  on  gold  by  hydrochloric,  nitric,  and 
nitro-hydrocliloric  acids  respectiviily  ? 

380.  By  what  reagents  is  metallic  gold  precipitated  from  solutions 
of  its  salts  ? 

381.  How  is  Purple  of  Cassius  prepared? 

382.  Whence  is  phitinum  oljtaincd? 

383.  Why  are  jilatinum  utensils  peculiarly  adapted  for  use  in 
chemical  laboratories  ? 

384.  How  is  perchloride  of  platinum  prepared  ? 

385.  Name  the  chief  tests  for  platinum. 

386.  What  is  "  platinum  black  "  ? 

387.  Describe  an  experiment  demonstrative  of  the  large  amount  of 
attraction  for  gases  possessed  by  metallic  platinum. 

388.  How  is  "  sjjongy  platinum"  produced? 

389.  By  what  process  may  the  metal  be  recovered  from  platinum 
residues  ? 

390.  What  is  occlusion  in  chemistry  ? 

391.  In  what  condition  does  cadmium  occur  in  nature? 

392.  By  what  process  may  Iodide  of  Cadmium  be  prepared  ?  and 
in  what  form  is  it  used  in  medicine  ? 

393.  Mention  the  chief  test  for  cadmium. 

394.  Distinguish  sulphide  of  cadmium  from  other  sulphides  of 
similar  color. 

395.  How  is  cadmium  separated  from  zinc  ? 

396.  How  does  bismuth  occur  in  nature  ? 

397.  What  is  the  quantivalence  of  bismuth  ? 

398.  Write  down  equations  descriptive  of  the  actions  of  nitric  acid 
on  bismuth,  and  water  on  nitrate  of  bismuth. 

399.  How  may  pure  salts  be  prepared  from  bismuth  containing 
arsenicum  ? 

400.  Give  a  diagram  of  the  process  for  the  so-called  Carbonate  of 
Bismuth. 

401.  Write  formulfe  showing  the  accordance  in  composition  of  the 
official  Subnitrate  and  Carbonate  with  the  other  salts  of  Bismuth,  and 
with  ordinary  Nitrates  and  Carbonates. 

402.  How  is  Bisimdhi  et  Ammonii  Citras  prepared  ? 

403.  What  are  the  tests  for  Bismuth? 


Practical  Analysis. 

Bismuth  is  the  last  of  the  metals  whose  synthetical  or  analytical 
relations  are  of  general  interest.  The  position  of  the  rarer  among 
the  common  metals,  and  the  influence  whicli  either  has  on  the  other 
during  the  manipulations  of  analysis,  will  now  be  considered.  These 
objects  will  l)e  best  accomplished,  and  a  more  intimate  acquaintance 
with  all  the  metals  be  obtained,  by  analyzing,  or  studying  the  meth- 
ods of  analyzing,  solutions  containing  one  or  more  metallic  salts. 

Of  the  following  Tables,  th(>  first  (1)  includes  directions  for  the 
analysis  of  an  aqueous  or  only  slightly  acid  solution,  contjvining  but 
one  salt  of  any  of  the  metals  hitherto  considered.    Here  the  color 
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of  the  precipitate  or  precipitates  afforded  by  a  metal  under  given 
circumstances  must  largely  be  relied  on  in  attempting  the  detection 
of  the  various  elements. 

The  folded  Table  (2)  is  intended  as  a  chart  for  the  analysis  of  solu- 
tions containing  salts  of  more  than  one  of  the  common  and  rarer 
metals.  It  is  simply  a  comi)iiation  from  the  foregoing  reactions — an 
extension  of  the  scheme  for  the  analysis  of  salts  of  the  ordinary  met- 
als. Plence  it  often  may  be  altered  or  varied  in  arragement  to  suit 
the  requirements  of  the  analyst. 

That  on  p.  255  is  a  mere  outline  of  the  other  two  Tables.  It  gives 
the  position  of  the  metals  in  relation  to  each  other,  and  will  much  aid 
the  memory  in  recollecting  tiiat  relation. 

The  analysis  of  solutions  containing  only  one  metal  will,  as  already 
stated,  serve  to  impress  the  memory  with  the  characteristic  tests  for 
the  various  metals  aiid  other  radicals,  and  familiarize  the  mind  with 
chemical  principles.  Medical  students  seldom  have  time  to  go  further 
than  this.  More  thorough  analytical  and  general  chemical  knowledge 
is  only  acquired  by  working  on  such  mixtures  of  bodies  as  are  met 
with  in  actual  practice,  beginning  with  solutions  which  may  contain 
any  or  all  of  the  members  of  a  group  (see  previous  pages),  then 
examining  solutions  containing  more  than  one  group,  and  finally 
analyzing  liquids  in  which  are  dissolved  several  salts  of  any  of  the 
common  or  rarer  metals. 

The  Author  cannot  too  strongly  recommend  students  thoroughly 
0  master  the  art  of  analysis,  not  only  on  account  of  its  direct  value, 
ut  because  its  practice  enables  the  learner 'rapidly  and  soundly  to 
cquire  a  good  knowledge  of  chemistry,  and  greatly  to  improve  his 
eneral  mental  faculties. 
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Add  hvdrochloric  acid.  '^^^^  «^  «^  ^OMMO^  OK  HARrMSALS    '  """'""^  ^^^^^^^^  ^  OrSIk^ 


Precipitate 
Hgiousi   Pb  Ag. 
Wash,  boil  with  water,  filter. 


1^-eeipitate  Filtrate 
Hsoiisi  As.  Pb. 
AVash,  add  AiuHO.   Add  HoSO^. 

AVhite  ppt. 


Cd  fu   Hg(ic)    Pb  Bi 


I.  ,  ,  Filtrate 

As(ous)(ic)   Sb   Sn(ous)(ic)   Zn   Mn    Co   Ni   Al  Fe(ous)(ic) 
Pass  Hofe  through  the  liquid,  filter. 


Ci"  Ba  Ca  Sr   Mg   L   K  Na 


Am. 


Ppt. 
Hg 

(Oils). 

Black 
ppt. 


Filtrate  1 
-Vg  I 
Add  HXO3. 
White  ppt 


.See  also  p.  256. 


Precipitate 
Cd  Cu  Hg(ic)   Pb  lii  As  Sb  Sn 
Collect,  wash,  digest  in  AmHS,  filter. 


Precipitate 
Cd   Cu   Hg(ic)   Pb  Bi. 
Wash,  boil  iu  HNO;(,  filter. 


Ppt. 

Hg  . 

Black.  I 
Confirm 
bvCu  I 
test  in  ! 
original  i 

solu- 
I  tion. 


Filtrate 
Cd   Cu   Pb  Bi. 
Add  AmllO,  filter. 


Filtrate 
As   Sb  Sn. 


Add  dihite  HCl,  filter,  drain  well,  add  stro7ig 
HCl,  boil,  dilute  slightly,  filter. 


Precipitate 
Pb  Bi. 
Wash,  add  a  few 
drops  HNO3, 
dilute,  filter. 


Ppt. 
Bi. 


Ppt. 
Cd. 
Yel- 
low. 


Filt. 
Pb. 
Dilute, 

add 
H5SO., 
set  aside. 
White 
ppt. 


See  also  pp.  2oG-2.57 


Filtrate 
Cd  Cu. 
Add  KCy  and 
H,S. 


Filt. 
Cu. 
Acidify 
with 
HC,H,0, 
Brow'u 
ppt. 


Insol. 
As. 
Yellow. 
Confirm 
by  Fleit- 
mann's 
test. 


Filtrate 
Sn  Sb. 
Pour  into  H-apparatus. 


Sn 

remains  on  Zn. 
Dissolve  in  HCl 
and  apply  tests. 


Sb 

escapes  as  SbHg. 
I'est  as  usual. 


v„    -vr     r,     „.  Filtrate 

a£\^V/'  ^«  Cr  Ba  Ca  Sr  Mg  L  K  Na  Am 
Add  AmCl,  AmHO,  AmHS,  warm  gently  and  filteif 


Precipitate 
n^^    .        ,  ^^'i    ^1    Fe  Cr. 

Collect,  wash,  clissolve  in  HCl  with  a  few  drops  of  HNC, 
boil,  add  AmHO,  stir,  filter  -"-""J- 


Precipitate  * 
Fe    Al  Cr. 
AVash,  dry,  fuse  on  foil  with 
Na^COs  and  KNO.,,  boil  iu 
water  and  filter. 


See  also  pp.  256-257. 
Au  and  Pt  are  specially  sought  when  necessary. 


Residue 
Fe,03, 
brown. 

Test 
original 
solution 

for 
ferrous 
or  ferric 
state. 


Filtrate. 
If  yellow,  Cr  pre- 
sent.  Divide  in 
two  parts. 


Sol. 

Al. 

Add 
AmCl, 
warm 

and 
filter. 
White 
ppt. 


Sol. 
Cr. 

Add 
HG2H3O2 
and  e.xcess 
of  AgNOg ; 
red  ppt. 
Or  boil 
with  H2SO4 
and  spirit, 

Green 
solution. 


See  also  pp.  256-257. 


*Test  this  also  for  Mn,  by 
Crum's  process,  p.  230. 


Filtrate 
Zn   Mn   Co  Ni. 
Acidify  with  HO.,H,0„  pass  H^S, 
filter. 


Filtrate 
Ba  Ca   Sr   Mg   L  K 

Add  AmaCOa,  warm,  filter. 


Sol. 

Mn. 

Add 
AmHO 

and 
AmHS. 
Pink, 
turning 
brown. 


Search 
also  for 
Mn  in 
the 
Fe  Al  Cr 
ppt. 


Precipitate 

Zn  Co  Ni. 
Boil  with  HCl  and  a  little 
HNO.J ;  add  KHO,  filter. 


Filt. 
Zn 
AmHS. 
AVhite 

ppt. 


Precipitate 
Co  Ni. 
Dissolve  in  HCl, 
and  proceed  as 
directed  on  pp. 
2:!3. 


Precipitate 
Ba   Sr  Ca. 
Collect,  wash,  di-ssolve  in 
HC2H0O.5,  add  excess  of 
KsCrrO^,  filter. 


Ppt. 
Ba. 
Yellow. 


Filtrate 
Sr  Ca. 
Add  dilute  H.,S04 
let  stand,  filter. 


Filtrate 
Mg   L   K   Na  Am. 
Add  Am2HAs04,  stir,  filter 


Ppt. 
Mg. 


Ppt. 
Sr. 


Filt. 
Ca. 
Add 
AmoCO.. 
AV'hife 
ppt. 


See  also  p.  257. 


Filtrate 
L  K   Na  Am. 
Evaporate  to  small 
bulk.   Add  AmHO. 


Ppt. 
L. 


Filtrate 
K    Na  Am. 
Evaporate, 
ignite,  dis.solve 
K  liy  rtClj, 
Na  by  flame. 
Am  in  original 
solution. 
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3.  OUTLINE  OF  THE  ANNEXED  ANALYTICAL  TA]JLES. 
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Sn 
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stannic 
salt) 

"o 

*  See  page 
229. 

Au 

Pt 

The  lat)oratory  student  should  practise  the  examination  of  aque- 
ous sohitions  of  salts  of  the  above  metals  until  able  to  analyze  with 
facility  and  acuracy. 


General  and  Special  Memoranda  relating  to  the 
PRECEDING  Analytical  Tables. 

General  Memoranda. 

These  charts  are  constructed  for  the  analysis  of  salts  more  or  less 

soluble  in  water.  The  student  has  still  to  learn  how  substances 

insoluble  in  water  are  to  be  broufrbt  into  a  state  of  solution ;  but, 
oncc!  dissolved,  their  analysis  i.s  eHected  by  the  same  scheme  as  that 
just  fiiven.  The  Tabliis,  esf)ecially  the  second  (No.  2),  nuiy  there- 
fore be  regarded  as  fairly  representing  the  method  by  which  metallic 
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constituents  of  choinical  sulistances  are  separated  from  each  otlier 

and  recoirnized.  The  methods  of  isohition  of  the  complementary 

constituent  of  tlie  salt  (the  reactions  of  non-metals  and  acidulous 
radicals)  will  form  the  next  object  of  practical  study. 

The  general  memoranda  given  in  connection  with  the  first  Table 
(p.  219)  are  equally  applicable  to  the  extended  second  Table,  and 
should  again  be  carefully  read  through. 

Special  Memoranda. 

The  hydrochloric-acid  precipitate  may  at  first  include  some  anti- 
mony and  bismuth  as  oxychlorides,  readily  dissolved,  however,  by 
excess  of  acid.  If  either  of  these  elements  be  present,  the  wash- 
ings of  the  precipitate  will  probably  be  milky  ;  in  that  case  add  a 
few  drops  of  hydrochloric  acid,  which  will  clear  the  li((uid  and  nuike 
way  for  the  application  of  the  test  for  lead. 

The  sidplniretted-Jtydrorien  precipitate  may  be  white,  in  which 
case  it  is  nothing  but  sulphur ;  for,  as  already  indicated,  ferric  salts 
are  reduced  to  ferrous,  and  chroniates  to  the  lower  salts  of  chromium 
by  sulphuretted  hydrogen,  sulphur  being  deposited  : — 

2Y>ifi\  +  2II.,S  =  4FeCl2  +  4IIC1  +  8., ; 
4II.,CrO,  -t  61I,S  -f  12HC1  =  2Qr^Q\  +  16Ii,0  -f  3S,. 

But  the  precipitate  may  also  be  colored,  or  even  Avhite  when  only 
lead  or  mercury  is  present,  through  an  insufficiency  of  sulphuretted 
hydrogen  having  produced  a  peculiar  oxj'sulphide  or  hydrato-sul- 
phide.  The  gas  should  be  passed  through  the  liquid  until,  even 
after  well  shaking,  it  smells  strongly  of  sulphuretted  hydrogen. 

The  portion  of  the  sidphuretied-hydrogeii  precipitate  dissolnd 
by  stilj)/iydrafe  of  ammonium,  may  include  a  tra'ce  of  copper,  sul- 
phide of  copper  being  not  altogether  insoluble  in  sulphydrate  of 

ammonium.  On  adding  hydrochloric  acid  to  the  sulphydrate-of- 

ammonium  solution,  a  white  precipitate  of  sulphur  only  may  be 
produced,  the  sulphydrate  of  ammonium  nearly  always  containing 

free  sulphur.  Strong  hydrochloric  acid  does  not  readily  dissolve 

small  quantities  of  sulphide  of  antimony  out  of  much  sulphide  of 
arsenicum  ;  and,  on  the  other  hand,  the  strong  hydrochloric  acid 
takes  into  solution  a  small  quantity  of  sulphide  of  arsenicum  if 
much  sulphide  of  antimony  is  present.  The  precipitate  or  the 
original  solution  should  therefore  be  examined  by  the  other  (hydro- 
gen) tests  for  these  elements  if  doubt  exists  concerning  the  presence 
or  absence  of  either.  Tin  remains  in  the  hydrogen-bottle  in  the 
metallic  state,  deposited  as  a  black  powder  on  the  zinc  used  in  the 
experiment.  The  contents  of  the  bottle  are  turned  out  into  a  dish, 
ebullition  continued  until  evolution  of  hydrogen  ceases,  and  the 
zinc  is  taken  up  by  the  excess  of  sulphuric  acid  emjdoycd  :  any  tin 
is  then  filtered  out,  washed,  dissolved  in  a  few  drops  of  hydro- 
chloric acid,  and  the  liquid  tested  for  tin  by  the  usiuxl  reagents. 

 Tin  may  be  detected  in  the  mixed  sulphides  of  tin,  arsenicum, 

and  antimony  by  the  blowpipe  reaction  {vide  Index). 

The  portion  of  the  sidjihnrettcd-hydroycn  prccipifntc  not  di.t- 
solved  by  the  sulphydrate  of  ammonimn  may  leave  a  j-ellow  semi- 
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fused  globule  of"  sulpliur  on  boiling  witlj  nitric  acid.  This  globule 
may  bo  black,  not  only  from  presence  of  mercuric  sulphide,  but  also 
from  inclosed  particles  of  other  sulphides  protected  by  the  sulpliur 
from  the  action  of  the  acid.  It  may  also  contain  sulphate  of  lead, 
produced  l)y  the  action  of  nitric  acid  on  sulphide  of  lead.  In  cases 
of  doubt  the  nuiss  must  be  removed  from  the  liquid,  boiled  with 
nitric  acid  till  dissolved,  the  solution  evaporated  to  remove  excess  of 
acid,  and  the  resiilue  examined  ;  but  usually  it  may  be  disregarded. 

 iiefore  testing  for  bismuth,  any  considerable  excess  of  acid 

should  be  removed  by  evaporation,  and  the  residual  liquid  should 
be  freely  diluted.  If  no  precipitate  (oxynitrate  of  bismuth)  appear, 
chloride-of-ammonium  solution  may  be  added,  oxychloride  of  bis- 
muth more  readily  forming  than  even  oxynitrate.  Or  any  nitric 

acid  or  sulphuric  acid  having  been  neutralized  by  ammonia,  hydro- 
chloric acid  is  added,  and  then  iodide  of  potassium  ;  a  rich  orange 
color  results  if  bismuth  be  present.  In  testing  for  lead  by  sul- 
phuric acid  the  li(iuid  should  be  diluted  and  set  aside  for  some  time. 

Mercuri/  may  also  be  isolated  by  digesting  the  sulphuretted-hydro- 
gen precipitate  in  sulphydrate  of  soilium  instead  of  sulphydrate  of 
ammonium.  The  sulphides  of  arsenicum,  antimony,  tin,  and  mer- 
cury are  thus  dissolved  out.  The  mixture  is  then  filtered,  excess  of 
hydrochloric  acid  added  to  it,  and  the  precipitated  sulphides  collected 
on  a  filter,  washed,  and  digested  in  sulphydrate  of  ammonium  ;  sul- 
phide of  mercury  remains  insoluble,  while  the  sulphides  of  arseni- 
cum, antimony,  and  tin  are  dissolved.  By  this  method  copper  also 
appears  in  its  right  place  only,  sulphide  of  copper  being  quite 
insoluble  in  sulphydrate  of  sodium.  The  other  metals  are  then 
separated  in  the  usual  way. 

Tke  sulphtjdrate-of-ammoniwn  precipitate  may,  if  the  original 
solution  was  acid,  contain  Phosphates,  Oxalates,  Silicates,  and  Bo- 
rates of  Barium,  Calcium,  and  Magnesium.  These  will  subsequently 
come  out  with  the  iron,  and,  being  white,  give  the  iron  precipitate  a 
light-colored  ajipearance ;  their  examination  must  be  conducted  sep- 
arately, by  a  method  described  subsequently  in  connection  with  the 

treatment  of  substances  insoluble  in  water.  The  precipitates  con- 

tairnng  aluminium,  ii-on,  and  chromium  hydrates  often  contain  some 
manganese.  This  manganese  nmy  ])e  detected  by  washing  the  hy- 
ilratcs  to  remove  all  traces  of  chlorides,  boiling  with  nitric  acid, 
adding  either  puce-colored  oxide  of  lead  or  red  lead,  and  setting  the 
vessel  aside.  If  manganese  be  present  a  red  or  purple  liquid  is  pro- 
duced. Sulphide  of  nickel  is  not  easily  removed  by  filtration  (tnde 

p.  'I'}2)  until  most  of  the  excess  of  sulphydrate  of  ammonium  has 
hc.cn  dissipated  by  prolonged  ebullition. 

77ie  carhoiuile-nf-aiiummiiun  preripi/nfe  may  not  contain  the 
whole  of  the  b.arium,  strontium,  and  calcium  in  the  mixture,  unless 
free  ammonia  be  present ;  for  the  carbonates  of  those  metals  are 
soluble  in  water  charged  with  carbonic  acid.  If,  tbercdorc;,  the  li(iuid 
IS  not  distinctly  ammoniacal,  solution  of  ammonia  should  be  added. 

 N  either  carbonate  nor  hydrate  of  ammonium  wholly  prcicipitates 

inagnesian  salts;  and,  as  a  partial  pre(ripitation  is  undesirable,  a  sol- 
vent, in  the  form  of  an  alkaline  salt  ((•Iilori<le  of  ammonium),  if  not 
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already  in  the  liquid,  should  lie  added.  In  the  chart  opposite  p. 

2o4  strontium  is  ordered  to  he  separated  from  calcium  by  adding  to 
the  acetic  solution  <liluted  sulphuric  acid.  The  latter,  unless  ex- 
tremely dilute,  may  precipitate  calcium.  Any  such  loss  of  calcium 
is  in  itself  of  little  consequence,  because  enough  sulphate  of  calcium 
remains  in  the  filtrate  to  afford  a  calcium  reaction  when  ammonia 
and  oxalate  of  ammonium  are  subsequently  added.  But  the  cal- 
cium precipitated  hy  the  sulphuric  acid  may  be  wrongly  set  down  as 
strontium.  Therefore  test  a  little  of  the  acetic  solution  for  strontium 
by  an  arpieous  solution  of  sulphate  of  calcium,  when,  if  no  precipi- 
tate falls  after  setting  aside  for  several  minutes,  strontium  may  be 
regarded  as  absent.  If  a  precipitate  occurs  strontium  is  present: 
the  rest  of  the  acetic  solution  is  then  tested  for  calcium  as  directed 
in  the  chart,  the  final  testing  by  oxalate  of  ammonium  being,  of 
course,  preceded  by  the  addition  of  ammonia. 

Lithium. — The  search  for  lithium  may  usually  be  omitted.  Should 
a  precipitate,  supposed  to  be  due  to  lithium,  be  obtained,  it  must  be 
tested  in  a  flame  (=  scarlet  tint),  as  a  little  magnesium  not  unfre- 
quently  shows  itself  under  similar  circumstances. 

)Spedral  Analijsis. — If  present  only  in  minute  proportions,  the 
lithium  may  also  remain  with  the  alkalies  ;  it  can  then  only  be  de- 
tected by  physical  analysis  (by  a  prism)  of  the  light  emitted  from  a 
tinged  flame — by,  in  short,  an  instrument  termed  a  spectroscope. 
Such  a  method  of  examination  is  called  spectral  analj'sis,  a  sul)ject 
of  much  interest  and  of  no  great  difficulty,  but  scarcely  within  the 
range  of  Pharmaceutical  Chemistry ;  it  will  be  briefly  described  in 
connection  with  the  methods  of  analyzing  solid  substances. 


QUESTIONS  AND  EXERCISES. 

404.  Describe  a  general  method  of  analysis  by  which  the  metal  of 
a  single  salt  in  a  solution  could  be  quickly  detected. 
■  405.  Give  illustrations  of  black,  white,  light  pink,  yellow,  and 
orange  sulphides. 

406.  Mention  the  group-tests  generally  employed  in  analysis. 

407.  Under  what  circumstances  may  a  hydrochloric  precipitate 
contain  antimony  or  bismuth? 

408.  If  a  sulphuretted-hydrogen  precipitate  is  white,  what  sub- 
stances are  indicated? 

409.  Give  processes  for  the  qualitative  analysis  of  liquids  contain- 
ing the  following  substances  : — 

a.  Arsenicum  and  Cadmium. 

b.  Bismuth  and  Antimony. 

c.  Ferrous  and  Ferric  salts. 

d.  Aluminium,  Iron,  and  Chromium. 

e.  Arsenicum,  Antimon}',  and  Tin. 

f.  Lead  and  Strontium. 

g.  Iron,  Sodium,  and  Arsenicum. 

h.  Mercury,  Manganese,  and  Mairnesium. 

i.  Zinc,  Manganese,  Nickel,  and  Cobalt. 
j.  Barium,  i^trontium,  and  Calcium. 
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THE  ACIDULOUS  RADICALS. 

Introduction. — The  twenty-seven  radicals  wJiich  have  up  to  this 
point  mainly  occupied  attention  are  (admitting  ammonium,  Nil,) 
metals ;  and  they  have  heen  almost  exclusively  studied  not  in  the 
free  state,  but  in  the  condition  in  which  they  exist  in  salts.  More- 
over, these  metals  have  been  treated  as  if  they  formed  the  more  im- 
portant constituent,  the  stronger  half,  the  foundation  or  6fMe  of  salts. 
Attention  has  been  continuously  directed  to  the  metallic  or  hnsijlous 
side  of  salts.  And  indeed  there  is  still  one  more  basylous  radical 
which  must  be  mentioned,  though  it  is  usually  supposed  to  play  only 
a  subordinate  part  in  medicine — Hydrogen.  Unlike  the  salts  of 
most  metals,  those  of  hydrogen  (the  so-called  acids)  are  never,  in 
medicine  or  the  arts  generally,  professedly  used  for  the  sake  of  their 
hvdrogen,  but  always  for  the  other  half  of  the  salt,  the  acidulous 
side.  And  it  is  not  for  their  basylous  radical  that  these  hydrogen 
salts  are  now  commended  to  notice,*  but  in  order  to  study,  under  the 
most  favorable  circumstances,  those  acidulous  groupings  which  have 
continually  presented  themselves  in  operations  on  salts,  but  which 
were  for  the  time  of  secondary  importance.  These  acidulous  radi- 
cals may  now  be  treated  as  the  primary  object  of  attention;  and 
there  is  no  better  way  of  doing  so  than  in  operating  on  their  com- 
pounds with  hydrogen,  the  relatively  inferior  medicinal  importance 
of  which  element,  as  compared  with  potassium,  iron,  and  other 
basylous  radicals,  will  serve  to  give  the  desired  prominence  to  the 
acidulous  radicals  in  question. 

Common  Acids. — These  salts  of  hydrogen  (hydrogen  easily  dis- 
placeable,  or  in  certain  cases,  in  part,  by  ordinary  metals)  are  the 
ordinary  sharp,  sour  bodies  termed  acids  (from  the  Latin  root  acies, 
an  edge).  The  following  Table  includes  the  formulte  and  usual 
names  of  the  most  important;  others  will  be  noticed  subsequently. 
A  few  of  those  mentioned  are  unstable  or  somewhat  rare ;  in  such 
cases  a  common  metallic  salt  containing  the  acidulous  radical  may 
be  used  for  reactions. 


*  It  must  not  be  forgotten  that  tlie  commonest  salt  of  any  radical 
whatsoever  is  a  salt  of  iiydrogcn,  the  oxide  of  hydrogen  (JI^O),  or 
hydrate  of  hydrogen  (flllO),  water.  In  tlie  reactions  already  per- 
formed tlie  value  of  tliis  compound  has  heen  constantly  recognized, 
both  for  its  hydrogen  and  for  its  oxygen,  but  most  of  all  as  the  vehicle 
or  medium  by  which  nearly  all  other  atoms  are  enabled  to  come  into 
that  contact  with  each  other  without  wliicli  tlieir  existence  would  be 
almost  useless ;  for  some  atoms  are  like  some  animals — out  of  water 
they  are  ns  inactive  as  fishes.  It  is  true  tiiat  both  fisiies  and  salts  have 
usually  to  be  removed  from  water  to  be  utilized  by  man ;  but  before 
tiiey  can  he  assimilated,  eitiier  iis  food  or  as  medicine,  they  must  again 
seek  the  agency  of  water  in  becoming  dissolved, 
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nCl  hydrochloric  acid. 

HBr  hydrobromic  acid. 

Ill  Iiydriodic  acid. 

HON  (IlCy)  hydrocyanic  acid. 

HNO3  nitric  acid. 

HCIO;,  chloric  acid. 

HCjIIjO^  acetic  acid.* 

H,_,S  hj'drosulphuric  acid.f 

HjSOj  sulphurous  acid. 

H2SO,,  sulphuric  acid. 

Il.jCOg  ?  carbonic  acid. 

11,0,04  oxalic  acid. 

H^CjTT^Of,  tartaric  acid. 

ILjCcIIjO,  citric  acid. 

n3P04  phosphoric  acid. 

II3BO3  boracic  acid. 

The  old  names  are  here  retained  for  these  acids,  but,  in  studying 
their  chemistry  and  chemical  relations  to  other  salts,  they  are  use- 
fully spoken  of  by  such  more  purely  chemical  names  as  (tor  h^-dro- 
chloric  acid)  chloride  of  hydrogen,  (for  nitric  acid)  nitrate  of  hydro- 
gen, and  so  on — sulphate  of  hydrogen,  tartrate  of  hydrogen,  phos- 
phate of  hydrogen. 

A  prominent  point  of  difference  will  at  once  be  noticed  between 
the  basylous  radicals  met  with  up  to  the  present  time  and  the  acidu- 
lous groupings  included  in  the  above  tabular  list.  The  former  are 
nearly  all  elements,  ammonium  only  being  a  compound  ;  the  latter 
are  mostly  compounds,  chlorine,  bromine,  iodine,  and  sulphur  being 
the  only  elements.  This  difference  will  not,  however,  be  so  appar- 
ent when  the  chemistry  of  alcohols,  ethers,  and  such  bodies  has 
been  mastered,  for  they  are  all  salts  of  compound  basylous  radicals. 

Rarer  Acids. — The  above  acids  contain  the  only  acidulous  group- 
ings that  commonly  present  themselves  in  analysis  or  in  pharma- 
ceutical operations.  There  are,  however,  several  other  acids  (such 
as  hypochlorous,  nitrous,  hypophosphorous,  valerianic,  benzoic, 
gallic,  tannic,  uric,  hyposulphurous,  hydroferrocyanic,  hydroferrid- 
cyanic,  lactic,  etc.)  with  which  it  is  desirable  to  be  more  or  less  fa- 
miliar ;  reactions  concerning  these  will  therefore  be  described.  Ar- 
senious,  arsenic,  stannic,  manganic,  and  chromic  acids  have  already 

*  The  hydrogen  on  the  acidulous  side  must  not  be  confounded  with 
the  basylous  hydrogen  in  all  these  hydrogen  salts  or  acids;  the  two 
perform  entirely  diff'eretit  functions.  Hydrogen  in  the  acidulous  por- 
tion is  like  the  hydrogen  in  the  basylous  radical  ammonium:  it  has 
combined  with  other  atoms  to  form  a  group  which  plays  more  or  less 
the  part  of  an  elementary  radical,  and  to  which  a  single  symbol  is  not 

unfrequently  aj^plied  (Am;  Cy,  A,  O,  T,  C,  etc.).  Cobalt,  chromium, 
iron,  platinum,  etc.,  resemble  hydrogen  in  tliis  respect  in  often  uniting 
with  other  atoms  to  form  definite  acidulous  radicals,  in  which  the  usual 
basylous  character  of  the  metals  has  for  the  time  disappeared.  In  hy- 
dridef^  (p.  121)  hydrogen  itself  is  an  acidulous  radical. 

f  Synonyms:  sulphydric  acid  and  sulphuretted  hydrogen. 
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l)(H>u  troiitcd  of  ill  connection  with  the  inctals  they  contain  ;  in  prac- 
tical analvfiif!  tiiey  always  become  sufficiently  altered  to  come  out 
anionj^  the  metals. 

Qiumiimlence. — A  glance  at  the  foregoing  Table  is  sufficient  to 
show  the  quantivalence  of  the  acidulous  radicals.  The  first  seven 
are  clearly  univalent,  then  follow  six  bivalent,  leaving  three  triv- 
alent. 

These  all  coml)ine  with  equivalent  amounts  of  basylous  radicals  to 
form  various  salts ;  hence  they  may  be  termed  monobasylous,  dibasy- 
lous,  and  tribasylous  radicals.  The  acids  themselves  wei'e  formerly 
spoken  of  as  monobasic,  dibasic,  and  tribasic  respectively,  or  mono- 
basic and  polybasic,  in  reference  to  the  amount  of  base  (hydrates  or 
oxides)  they  could  decompose ;  but  the  terms  are  no  longer  definite, 
and  hence  but  little  used  in  mineral  chemisti'y. 

Antidotes. — The  antidotes  in  cases  of  poisoning  by  the  strong 
acids  will  naturally  be  non-corrosive  alkaline  substances,  as  soap 
and  water,  magnesia,  common  washing  "  soda,"  or  other  carbojiates. 
\'inegar,  lemon-juice,  and  weak  or  non-corrosive  acids  would  be  the 
appropriate  antidotes  to  caustic  alkalies. 

Aiuili/sis. — The  practical  study  of  the  acidulous  side  of  salts  will 
occupy  far  less  time  than  the  basylous.  Salts  will  then  be  briefly 
examined  as  a  whole. 

One  JVuid  of  Caution. — It  is  only  for  convenience  in  the  division 
of  chemistry  for  systematic  study  that  salts  may  be  considered  to 
contain  basylous  and  acidulous  radicals,  or  separate  sides,  so  to  speak ; 
for  we  possess  no  absolute  knowledge  of  the  internal  arrangement  of 
the  atoms  (admitting  that  there  are  such  things)  in  the  molecule  of 
a  salt.  We  only  know  that  certain  groups  of  atoms  may  be  trans- 
ferred from  compound  to  compound  in  mass  (that  is,  without  apparent 
decomposition)  ;  hence  the  assumption  that  these  groups  are  radicals. 
A  salt  is  {)robably,  however,  a  whole,  having  no  such  sides  as  those 
mentioned. 


QUESTIONS  AND  EXERCISES. 

410.  Mention  the  basylous  i-adical  of  acids. 

411.  Give  illustrations  of  univalent,  bivalent,  and  trivalent  acidu- 
lous radicals,  or  monobasylous,  dibasylous,  and  tribasylous  radicals. 

412.  AVhat  is  the  difference  between  an  elementary  and  a  com- 
pound acidulous  radical  ? 

41. J.  Name  the  grounds  on  which  salts  may  be  assumed  to  contain 
basylous  and  acidulous  radicals. 


HYDROCHLORIC  ACID  AND  OTHER  CHLORIDES. 

Formula  of  Hydrochloric  Acid  lIC'l.    Molecular  weight*  3G.4. 

The  a('i(lulous  radical  of  hydrochloric  acid  and  of  other  chlorides 
is  the  clement  chlorine  (CM).    It  occurs  in  nature  chiefly  as  chloride 


*  The  weight  of  a  molecule  is  the  sum  of  the  weights  of  its  atoms. 
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of  sodium  (NaCI),  cither  solid,  under  the  name  of  rock-salt,  mines 
of  which  are  not  unfrequcntly  met  with,  or  in  solution  in  the  water 
of  all  seas.  Common  table-salt  is  more  or  less  pure  chloride  of  sodium 
in  minute  crystals.  Chlorine,  like  hydrogen,  is  univalent  (CK) ;  its 
atomic  weight  is  35.4.  Its  molecule  is  symbolized  thus,  Cl.^,  chloride 
of  chloi'ine. 

Reactions. 
Hydrochloric  Acid. 

Firat  Sijnthetical  Renction. — To  a  few  fragments  of  chloride 
of  sodium  in  a  test-tube  or  small  flask  add  about  an  e(|ual 
weight  of  sulphuric  acid  ;  colorless  and  invisible  gaseous  hydro- 
chloric acid  is  evolved,  a  sulphate  of  sodium  remaining.  Adapt 
to  the  mouth  of  the  vessel  by  a  perforated  cork  a  piece  of  glass 
tubing  bent  to  a  right  angle,  heat  the  mixture,  and  convey  the 
gas  into  a  small  bottle  containing  a  little  water ;  solution  of 
hydrochloric  acid  results. 

NaCl    +    H,,S04    =    UCl    +  NaHSO, 

Clildi  ulo  of  Sulplmiic        Ilyilrochlorie        Acid  sulphate 

sutliuiii.  ucid.  acid.  of  sodium. 

Hi/drochloric  Acid. — The  product  of  this  operation  is  the  nearly 
colorless  and  very  sour  liquor  commonly  called  hydrochloric  acid. 
When  of  certain  given  strengths  (estimated  by  volumetric  analysi.-) 
it  forms  Acidum  Hi/drochloricum,  U.  S.  P.  {Aciduin  Mariaticum), 
and  Acidum  Hydrocldoricum  Dilutum,  U.  S.  P.  The  former  has  a 
specific  gravity  of  1.10  and  contains  31.9  per  cent,  of  real  acid. 
The  latter,  specific  gravity  1.049,  with  10  per  cent,  of  the  real  acid, 
is  made  by  diluting  G  fluid  parts  of  the  strong  acid  with  13  of  water. 
The  above  process  is  that  of  tiie  manufacturer,  larger  vessels  being 
employed,  and  the  gas  being  freed  from  any  trace  of  sulphuric  acid 
by  washing.  Other  chlorides  yield  hydrochloric  acid  when  heated 
with  sulphuric  acid  ;  but  chloride  of  sodium  is  always  used,  because 
cheap  and  common. 

Common  yelloio  hydrocMoric  acid  is  a  by-product  in  the  manu- 
facture of  carbonate  of  sodium  fi-om  common  salt,  a  process  in  which 
the  chloride  of  sodium  is  first  converted  into  sulphate,  h^'drochloric 
acid  being  liberated.  This  impure  acid  is  liable  to  contain  iron, 
arsenic,  fi.xed  salts,  sulphuric  acid,  sulphurous  acid,  nitrous  com- 
pounds, and  chlorine. 

The  process  for  the  preparation  of  hi/drocJdon'c  arid  is  as  follows  : 
it  may  be  carried  out  by  the  student  witli  about  one-twelfth  of  the 
quantities  mentioned: — 

"  Take  of  chloride  of  sodium,  dried,  48  ounces,  sulphuric  acid  44 
fluidounces,  water  36  lluidounces,  distilled  water  oO  fluidouuces ; 
pour  the  sulphuric  acid  slowly  into  32  ounces  of  the  water,  and, 
when  the  mixture  has  cooled,  add  it  to  the  chloride  of  sodium  pre- 
viously introduced  into  a  flask  having  the  capacity  of  at  least  one 
gallon.  Connect  the  flask  by  corks  and  a  bent  glass  tube  with  a 
three-necked  wash-bottle,  furnished  with  a  safety-tube,  and  contain- 
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ing  the  remaining  4  ounces  of  the  water  [or  let  the  flask-tube  pass 
loosely  through  a  wider  tube  fixed  in  the  cork  of  the  wash-bottle,  as 
shown  in  Fig.  37]  ;  then,  applying  heat  to  the  flask,  conduct  the 

Fig.  37. 


Preparation  of  Hydrochloric  Acid. 


disengaged  gas  through  the  wash-bottle  into  a  second  bottle  contain- 
ing the  distilled  water,  by  means  of  a  bent  tube  dipping  about  half 
an  inch  below  the  surface,  and  let  the  process  be  continued  until  the 
product  measures  36  ounces,  or  the  liquid  has  acquired  a  specific 
gravity  of  1.16.  The  bottle  containing  the  distilled  water  must  be 
kept  cool  during  the  whole  operation." 

The  modification  of  wash-bottle  shown  in  the  figure  allows  of  the 
easy  insertion  or  removal  of  a  delivery-tube.  The  wider  tube  there 
shown,  or  an  ordinary  tube-funnel,  also  acts  as  a  safety-iuhe  by  ad- 
mitting air  the  moment  there  is  any  tendency  in  the  water  in  the 
receiver  to  be  forced  back  on  account  of  a  too  rapid  absorption  of 
the  gas.  The  time  of  the  student  will  be  saved  if  hydi-ochloric  acid 
already  in  stock  be  placed  in  the  wash-bottle  instead  of  water. 

Invisible  gaseous  hydrocJdoric  acid  forms  visible  grayish-white 
fumes  on  coming  into  contact  with  air.  This  is  due  to  combination 
with  the  moisture  of  the  air.  The  intense  greediness  of  hydro- 
chloric gas  and  water  for  each  other  is  strikingly  demonstrated  on 
opening  a  test-tube  full  of  the  gas  under  water ;  the  latter  rushes 
into  and  instantly  fills  the  tube.  If  the  water  is  tinged  with  blue 
litmus,  the  acid  character  of  the  g.as  is  prettily  shown  at  the  same 
time.  The  test-tube,  which  should  be  perfectly  dry,  may  be  filled 
from  the  delivery-tul)C  direct;  for  the  gas  is  somewhat  heavier  than; 
and  therefore  readily  displaces,  air.  The  mouth  may  be  closed  by 
the  thumb  of  the  operator.  At  low  temperatures  hydrochloric  acid 
and  water  form  a  crystalline  compound,  1101,211,^. 

N(ili:.~T\\c  process  includes  the  use  of  as  much  sulphuric  acid  as 
IS  theoretically  necessary  for  the  production  of  acid  sulphate  of 
sodium  (NiiIISO,))  which  remains  in  tiu!  gimerating  vessel.  A  hot 
solution  of  this  r(!sidne  carefully  neutrali/.ed  by  carbonate  of  sodium, 
filtered  and  set  aside,  yields  normal  siilpiiate  {Sodii  Sidpltns,  U.  S. 
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P.),  "Glauber's  Salt,"  in  the  form"  of  transparent  oblique  cfllor- 
escent  prisms  (Na2SO.,,10II/J). 

2NanS0,    +    Na,C03    =    2Na,S0,    +    11,0    +  CO, 
Acid  eiilpliate         Ciiibouate  of  Sulpliiiti'  of  Vutcr.  Carbonic 

of  sodium.  Eodiuia.  eodiuiu.  acid  gas. 

Chlorine. 

Second  Si/nthcf leal  Reaction. — To  some  drops  of  hydrochloric 
acid  (that  is,  the  common  aqueous  solution  of  the  gas)  add  a 
few  grains  of  black  oxide  of  manganese,  and  warm  the  mixture; 
chlorine,  the  acidulous  radical  of  all  chlorides,  is  evolved,  and 
may  be  recognized  by  its  peculiar  odor  or  irritating  effect  on 
the  nose  and  air-passages. 

4HC1  +  MnO,  =  CI,  +  2H,0  +  MnCl,. 

Chlorine-wafer. — This  is  the  process  of  the  Pharmacopoeia  for  the 
production  of  chlorine-water  {Aqua  Clilovi,  U.  S.  P.),  the  gas  lieing 
first  washed  and  then  passed  into  water.  Chlorine  slowl}'  decom- 
poses water,  with  production  of  hydrochloric  acid  and  oxygen  gas ; 
it  is  best  preserved  in  a  green-glass  well-stoppered  bottle  in  a  cool 
and  dark  place.  At  common  temperatures  (60°  F.),  if  fresh  and 
thoroughly  saturated,  chlorine-water  contains  more  than  twice  (2.3) 
its  bulk  of  chlorine,  or  less  than  1  per  cent.  (alDOut  0.75)  by  weight. 
Chlorine  passed  into  cold  water  yields  crj'stals  of  hydrous  chlorine 
(CI  5H2O),  and  these  when  heated  under  pressure  give  an  upper  layer 
of  chlorine-water  and  a  lower  layer  of  liquid  chlorine. 

Note. — To  obtain  the  chlorine  from  other  chlorides,  sulphuric  acid 
as  well  as  black  oxide  of  manganese  must  be  added.  Hydrochloric 
acid  is  first  formed.  The  action  described  in  the  foi-egoing  equation 
then  goes  on,  except  that  half  instead  of  the  whole  of  the  oxygen 
of  the  black  oxide  is  available  for  the  removal  of  the  hydi'ogen  from 
the  chlorine  of  the  hydrochloric  acid,  the  other  half  being  taken  up 
by  the  hydrogen  of  the  sulphuric  acid.  Thus,  supposing  common 
salt  to  be  the  chloride  used,  the  following  equations  may  represent 
the  supposed  steps  of  the  process : — 

2NaCl  -f  H,SO^  =  Na^SO^  +  2IIC1, 
MnO,  +  H,SO,     MnSO,  +  H,0     +  0  ; 
then  the        2HC1  -f  0        =  11,0     +  CI, 

or  the  whole  may  be  included  in  one  equation  : — • 

2NaCl  +  MnO,  -f  2II,S0,  =  Na^SO^  +  MnSO,  +2H,0  +  CI,. 

This  reaction  may  have  occasional  analytical  interest,  a  very 
small  quantity  of  combined  chlorine  being  i-ecognized  by  its  means. 
But  the  following  test  is  nearly  always  applicable  for  the  detection 
of  this  element,  and  leaves  nothing  to  be  desired  in  point  of  delicacy. 

Analytical  Reaction.^  (Tc.it). 
To  a  drop  of  hydrochloric  acid,  or  to  a  dilute  solution  of  any 
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other  chloride,  add  solution  of  nitrate  of  silver ;  a  white  curdy 
})recipitate  falls.  Pour  off  most  of  the  supernatant  li(|Liid,  add 
nitric  acid  and  boil ;  the  precipitate  does  not  dissolve.  Pour 
off  the  acid,  and  add  dilute  ammonia ;  the  precipitate  quickly 
dissolves.  Neutralize  the  solution  by  an  acid;  chloride  of  silver 
is  once  more  precipitated. 

The  formation  of  this  white  precipitate,  its  appearance,  insolu- 
bility in  boiling  nitric  acid,  solubility  in  ammonia  and  in  solution 
of  its  carbonate  and  roprecipitation  by  an  acid,  form  abundant  evi- 
dence of  the  presence  of  chlorine.  Its  occurrence  as  a  chloride  of 
a  metal  is  determined  by  testinii;  for  the  metal  with  the  appropriate 
reagent ;  its  occurrence  as  hydrochloric  acid  is  considered  to  be 
indicated  by  the  odor,  if  strong,  and  the  sour  taste,  if  weak,  of  the 
liquid,  and  the  action  of  the  liquid  on  blue  litmus-paper,  which,  like 
other  acids,  it  reddens.  If  hydrochloric  acid  be  present  in  excessive 
quantity,  it  will,  in  addition  to  the  above  reactions,  give  rise  to 
strong  effervescence  on  the  addition  of  a  cai-bonate,  a  chloride  being 
formed.  The  chlorine  in  insoluble  chlorides,  such  as  calomel,  "  white 
precipitate,"  etc.,  may  be  detected  by  boiling  with  caustic  potash, 
filtering,  acidulating  the  filtrate  by  nitric  acid,  and  then  adding  the 
nitrate  of  silver.  . 

Antidotes. — In  cases  of  poisoning  by  strong  hydrochloric  acid, 
solution  of  carbonate  of  sodium  (common  washing  soda)  or  a  mix- 
ture of  magnesia  and  water  may  be  administered  as  an  antidote. 


QUESTIONS  AND  EXERCISES. 

414.  A  specimen  of  official  Hydrochloric  Acid  contains  31.8  per 
cent.,  by  weight  of  gas,  and  its  specific  gravity  is  1.1 6  ;  work  out  a 
sum  showing  what  volume  of  it  will  be  required,  theoretically,  to 
mix  with  black  oxide  of  manganese  for  the  production  of  one  gallon 
of  chlorine-water,  one  fluidounce  of  which  contains  12.66  grains  of 
chlorine.    Ans.  5J  fluidounces,  nearly  (5.4). 

iib.  Why  does  hydrochloric  acid  gas  give  visible  fumes  on  com- 
ing into  contact  with  air? 

416.  How  much  chloride  of  sodium  will  be  required  to  furnish 
one  pound  of  chlorine? 

417.  Give  the  analytical  reactions  of  chlorides. 

418.  What  antidotes  may  be  administered  in  cases  of  poisoning 
by  hydrochloric  acid? 


HYDEOBROMIC  ACID  AND  OTHER  BROMIDES. 

Formula  of  Hydrobromic  Acid  HBr.    Molecular  weight  80.8. 

Bromine :   Sounx,  Preparation,  and  Projjerticfi. — The  acidulous 
radical  of  hydrol)romic  acid  and  other  bromides  is  the  element  bro- 
mine, Br  {liromum,  U.  S.  P.).    It  occurs  in  nature  chiefly  as  bro- 
2:i 
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mide  of  magnesium  (MgBi\)  in  soa-water  and  certain  saline  sprinfrs, 
and  is  commonly  prepared  from  the  IriUern,  or  residual  liquors  of 
salt-works.  It  may  be  lilierated  from  its  compounds  by  the  process 
for  chlorine  from  chlorides — that  is,  by  heating  M'ith  bhick  oxide  of 
manganese  and  sulphuric  acid  (see  page  264).  It  is  a  dark-red  voliir 
tile  liquid,  emitting  an  odor  more  irritating,  if  possible,  than  chlo- 
rine— of  specific  gravity  2.990,  boiling-point  14.5.4°  F. 

Tesi  of  jmrit;;,  U.  S.  P. — If  3  gm.  of  Bromine  be  mixed  with  30 
CO.  of  water  and  enough  water  of  ammonia  to  render  the  solution 
colorless,  the  liquid  then  digested  with  carbonate  of  barium,  filtered, 
evaporated  to  dryness,  and  the  residue  gently  ignited,  the  latter 
[chiefly  bromide  of  barium]  should  be  soluble  in  absolute  alcohol 
without  leaving  more  than  0.26  gm.  of  I'esidue  [chloride  of  barium] 
(abs.  of  more  than  3  per  cent,  of  chlorine).  If  an  aqueous  solution 
of  Bromine  be  poured  upon  reduced  iron  and  shaken  with  the  latter 
until  it  has  become  nearly  colorless,  then  filtered,  mixed  with  gelat- 
inized starch,  and  a  few  drops  of  Bromine  solution  be  now  carefully 
poured  on  top,  not  more  than  a  very  faint  blue  zone  should  appear 
at  the  line  of  contact  of  the  two  liquids  (limit  of  iodine). 

Quantivalence. — The  atom  of  bromine,  like  that  of  chlorine,  is 
univalent  (Br').  The  atomic  weight  of  bromine  is  79.8.  Free  bi'O- 
jnine  has  the  molecular  formula  Br..,  bromide  of  bromine. 


Fig.  38. 


Preparation  of  Hydrobroniic  Acid. 


Hydrohromic  Acid. — The  bromide  of  hydrogen,  hydroljromic  acid, 
may  be  made  by  decomposing  bromide  of  phosphorus  by  water — 
PBrg  +  4HjO  =  5HBr  +  IIjPO^.  A  small  quantity  ma.y  be  pre- 
pared by  placing  seven  or  eight  drops  of  bromine  at  the  bottom  of 
a  test-tube,  putting  in  fragments  of  glass  to  the  height  of  about  an 
inch  or  two,  then  ten  or  eleven  grains  of  phosphorus,  then  another 
inch  of  glass,  and  finally  a  couple  of  inches  of  gla.ss  fragments 
slightly  wetted  with  water,  a  delivery-tube  being  fitted  on  by  a 
cork.  The  phosphorus  combines  readily,  almost  violently,  with  the 
bromine  as  soon  as  the  vapor  of  the  latter,  aided  by  a  little  warmth 
from  a  flame,  rises  to  the  region  of  the  phosphorus.  The  bromide 
of  phosphorus  thus  formed  then  suffers  decomposition  by  the  water 
of  the  moist  glass,  phosphoric  and  phosphorous  acnds  being  pro- 
duced. The  hydrol)romic  acid  gas  passes  over  (heat  being  applied 
in  the  after  part  of  the  operation),  and  may  be  condensed  in  water 
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or  ill  solution  of  iuninonia.  The  hitter  solution  on  evaporation 
violds  bromide  of  anmioniuni. 

Other  Methods. — One  hundred  parts  of  sodium  hyposulphite,  fifty 
of  bromine,  and  ten  of  water,  are  placed  in  a  ilask  and  the  generated 
iras  is  conducted  into  the  upper  portion  of  140  parts  of  water  con- 
tained in  another  vessel.  When  the  gas  begins  to  come  over  slowly, 
gentle  heat  is  applied.  The  product  is  nearly  190  parts  of  liquid 
containing  25  per  cent,  of  real  acid;  specific  gravity  1.204.  It 


decompose  solution  of  bromide  of  potassium  by  sulphuric  acid, 
and,  after  removal  of  potassium  sulphate  by  crystallization,  to 
distil  the  residual  fluid.  Wade  prescribes  an  almost  pure  clear 
solution  of  the  acid  made  by  shaking  together  120  grains  of  bro- 
mide of  potassium  and  153  grains  of  crystallized  tartaric  acid  in  1 
ounce  of  distilled  water,  and  setting  aside  till  precipitation  of  acid 
tartrate  of  potassium  ceases.  Goehel  decomposes  bromide  of  barium 
by  an  equivalent  weight  of  sulphuric  acid ;  preparing  the  bromide 
of  barium  by  heating  a  wet  mixture  of  bromide  of  ammonium  and 
carbonate  of  barium  until  carbonate  of  ammonium  fumes  cease  to 
be  evolved.  Fldcher  prefers  to  pass  sulphuretted  hydrogen  gas 
through  water  containing  bromine,  and,  when  all  bromine  has  dis- 
appeared, distilling  the  mixture.  The  distillate,  when  diluted  until 
it  has  a  sp.  gr.  of  1.300,  contains  34  per  cent,  of  HBr. 


Acidiim  Hjidrohromicum.  Dihitum,  U.  S.  P.,  has  a  sp.  gr.  of  1.077 
and  contains  10  per  cent,  of  IIBr. 

Bromide  of  Potassium  (KBr)  is  occasionally  employed  in  phar- 
macy, and  is  the  salt,  therefore,  which  may  be  used  in  studying  the 
reactions  of  this  acidulous  radical.  The  ofiicial  method  of  making 
the  salt  has  been  alluded  to  under  the  salts  of  potassium  (page  76). 

Other  Bromides  are  seldom  used ;  they  may  be  prepared  in  the 
same  way  as,  and  closely  resemble,  the  corresponding  chlorides  or 
iodides.  Bromide  of  Hndimn  {Sodii  Bromidmn,  U.  S.  P.)  crystal- 
lizes in  anhydrous  cubes  (NaBr)  from  solutions  at  110°  or  120°  F., 
and  in  hydrous  prisms  (NaBr,2H20)  at  ordinary  temperatures. 

Bromide  of  Ammonium  (AmBr)  {Ammonii  Bi-077iidum,  U.  S.  P.)  is 
prepared  by  agitating  iron  wire  with  a  solution  of  bromine  until  the 
odor  of  bromine  can  l)e  no  longer  perceived,  adding  solution  of  am- 
monia, filtering,  and  evaporating  the  filtrate  to  dryness.  It  forms  a 
white  granular  salt,  which  becomes  slightly  yellow  on  exposure  to 
air,  is  readily  ."oluble  in  water,  less  so  in  spirit,  and,  when  heated, 
suhliines.  Bromide  or  Iodide  of  Ammonium  may  also  be  made  by 
mixing  e(|uivalent  (piantities  of  strong  hot,  aqueous  solutions  of  the 
corresponding  potassium  salts  and  of  sul])hate  of  ammonium.  To 
the  cooled  li(|uids  rectified  spirit  is  added,  which  precii)itates  the 
Rulphatf!  of  potassium.  The  spirit  recovered  by  distillation  of  the 
clear  lifpiid  leaves  the  required  salt  as  a  residue  in  the  retort. 

Brrmii/le  of  C'alrimti,  CaBr.^  (Ca/cii  Bromidvm,  U.  S.  P.),  may  be 
prepared  by  neutralizing  hydrochloric  acid  by  hydrate  or  carbonate 
of  calcium,  filtering,  and  evaporating  to  dryness ;  or  by  uniting  bro- 


should 


Squihh  prefers  to 


lOBr.,  +  4H2S  +  8H.p  =  20HBr  +  2H.,S0,  +  S.,. 
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mine  with  iron,  hnilinj!;  the  aqueous  sohition  with  iiino  until  the 
mixture  is  red,  lilterini;;  iunl  cvapi)ratin^.  It  is  a  white  deliques- 
cent granular  salt,  soluble  in  water  and  in  alcohol. 

Solution  of  Bromine,  B.  P.,  10  minims  in  5  ounces,  is  an  aqueous 
solution,  bromine  being  slightly  soluble  in  water. 

Hypobromites,  Bromates,  Perbromates,  analogous  to  hypochlorites, 
chlorates,  and  perchlorates,  are  pi-oducible. 

Bromates  occurring  as  an  impurity  in  bromides  are  detected  Ijy 
dropping  diluted  sulphuric  acid  on  to  the  salt,  when  a  yellow  color, 
due  to  free  bromine,  is  produced  immediately  if  bromates  are  pres- 
ent. 

Analytical  Reactions  (  Tests). 

First  Analytical  Reaction, — To  a  few  drops  of  solution  of  a 
bromide  (KBr,  or  NH^Br)  add  solution  of  nitrate  of  silver ;  a 
yellowish-wbite  precipitate  of  bromide  of  silver  (AgBr)  falls. 
Treat  the  precipitate  successively  with  nitric  acid  and  dilute 
ammonia,  as  described  for  the  chloride  of  silver ;  it  is  only 
sparingly  dissolved  by  the  ammonia. 

Second  Analytical  Reaction. — To  solution  of  a  bromide  add 
a  drop  or  two  of  chlorine-water  or  a  bubble  or  two  of  chlorine 
gas ;  then  add  a  few  drops  of  chloroform  or  ether,  or  disulphide 
of  carbon,  shake  the  mixture,  and  set  the  test-tube  aside ;  the 
chlorine,  from  the  greater  strength  of  its  alBnities,  liberates  the 
bromine,  which  is  dissolved  by  the  chloroform  or  ether,  the 
solution  falling  to  the  bottom  of  the  tube  in  the  case  of  the 
heavy  chloroform,  or  rising  to  the  top  in  the  case  of  the  light 
ether.  Either  solution  has  a  distinct  yellow  or  reddish-yellow 
or  red  color,  according  to  the  amount  of  bromine  present. 

Note. — This  reaction  sei-ves  for  the  isolation  of  bromine  when 
mixed  with  many  other  substances.  Excess  of  chlorine  must  be 
avoided,  as  colorless  chloride  of  bromine  is  then  formed.  Iodides 
give  a  somewhat  similar  but  more  violet  appearance ;  the  absence 
of  iodine  must  therefore  be  insured  by  a  process  given  in  the  next 
section.  The  above  solution  in  chloroform  or  ether  ma}'  be  re- 
moved from  the  tube  by  drawing  up  into  a  pipette  (small  pipe — a 
narrow  glass  tube,  usually  having  a  bulb  or  expanded  portion  in 
the  centre)  the  bromide  fixed  by  the  addition  of  a  drop  of  solution 
of  potash  or  soda,  the  chloroform  or  ether  evaporated  off,  and  the 
residue  tested  as  described  in  the  next  reaction. 

The  above  operation  is  frequently  employed  for  synthetical  pur- 
poses. 

Third  Analytical  Reaction. — Liberate  bromine  from  a  bro- 
mide by  the  cautious  addition  of  chlorine  or  chlorine-water, 
then  add  a  few  drops  of  cold  decoction  of  stai'ch ;  a  yellow 
combination  of  bromine  and  starch,  commonly  termed  "  bro- 
mide of  starch,"  is  formed. 
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Decoction  of  sfnrch  is  made  by  rubbing  down  two  or  three 
grains  of  starch  with  some  drops  of  cold  water,  then  adding 
much  more  water  and  boiling  the  mixture. 

The  above  reaction  may  be  varied  by  liberating  the  bromine 
by  a  little  black  oxide  of  manganese  and  a  drop  of  sulphuric 
acid,  the  upper  part  of  the  inside  of  the  test-tube  being  smeared 
over  with  some  thick  decoction  of  starch  or  thin  starch-paste. 
Even  sulphuric  acid  alone,  if  strong,  liberates  bromine  from  a 
bromide,  the  hydrogen  of  the  hydrobromic  acid  first  produced 
uniting  with  the  oxygen  of  the  sulphuric  acid— the  latter  being 
reduced  to  sulphurous  acid  or  even  to  hydrosulphuric  acid. 

HYDRIODIC  ACID  AND  OTHEE  IODIDES. 

Formula  of  Hydriodic  Acid  III.    Molecular  weight  127.6. 

Source. — The  acidulous  radical  of  hydriodic  acid  and  other  iodides 
is  the  element  iodiue  (I).  It  occurs  in  nature  chiefly  as  iodide  of 
sodium  and  of  magnesium  in  sea-water.  Seaweeds,  sponges,  and 
other  marine  organisms,  which  derive  much  of  their  nourishment 
from  sea-water,  store  up  iodides  in  their  tissues,  and  it  is  from  the 
ashes  of  these  that  supj)lies  of  iodine  {loiliim,  U.  S.  P.)  are  ob- 
tained. 

Process. — The  seaweed  ash  or  kelp  is  treated  with  water,  insoluble 
matter  thrown  away,  and  the  decanted  liquid  evaporated  and  set 
aside  to  allow  of  the  deposition  of  most  of  the  sulphates,  carbonates, 
and  chlorides  of  sodium  and  potassium.  The  residual  liquor  is  treated 
with  excess  of  sulphuric  acid,  which  causes  evolution  of  carbonic  and 
sulphurous  or  sulphuretted  gases,  deposition  of  sulphur  and  more 
sulphate  of  sodium,  and  formation  of  hydriodic  acid.  To  the  de^ 
canted  liquid  is  added  black  oxide  of  manganese,  and  the  mixture  is 
then  slowly  distilled  ;  the  iodine  sublimes,  and  is  afterwards  purified 
by  re-sublimation. 

2III  -f  MnO^  +  II^SO,  =  MnSO,  +  2H,0  +  I.,. 

The  analogy  of  chlorine,  bromine,  and  iodine  is  well  indicated  by 
the  fact  that  each  is  obtained  from  its  compounds  by  the  same  reac- 
tion. Iodine  is  liberated  from  any  iodide  as  bromine  from  bromides, 
or  chlorine  from  chlorides — luuncly,  l)y  the  action  of  black  oxide  of 
manganese  and  sulphuric  acid. 

Properties. — Iodine  is  a  crystalline  purplish-black  substance ;  its 
vapor,  rcfidily  seen  on  heating  a  fragment  in  a  test-tube,  is  dark 
violet.  Its  vapors  are  irritating  to  the  lungs ;  but  a  trace  may  be 
inhaled  with  safety  {Vapor  lodi,  B.  P.).  It  melts  at  2.39°,  boils  at 
about  392°  F.,  and  is  entirely  volatilized,  the  first  portions  containing 
any  cyanide  of  iodine  that  may  be  present.  The  latter  body  occurs 
in  slender  colorless  prisms,  emitting  a  pungent  odor. 

"A  solution  of  lodiiH!  in  chloroform  should  be  j)crfectly  clear  and 
limpid  (abs.  ol'  moisture).  When  shaken  with  distilled  water,  it 
should  not  fiominunicate  to  the  latter  more  than  a  light  lirownish 
23  • 
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tinge,  and  no  doep  lirown  color  (aliK.  of  cliloride  of  iodine),  ff  the 
Iodine  he  removed  from  tliis  dilute  iKjueous  solution  hy  aj^itation 
with  disulphide  of  carhon,  and,  after  the  separation  of  the  latter, 
some  dilute  solution  of  ferrous  sulphate  with  a  trace  of  ferric  chloride 
be  added,  finally  solution  of  soda,  and  the  whole  supersaturated  with 
hydrochloric  acid,  no  blue  precipitate  should  make  its  appearance 
(abs.  of  cyanide  of  iodine).  If  Iodine  be  dissolved  in  sulphurous 
acid,  the  solution  strongly  supersaturated  with  ammonia,  and  com- 
pletely precipitated  by  nitrate  of  silver,  the  filtrate,  on  being  super- 
saturated with  nitric  acid,  should  not  at  once  become  more  than 
faintly  cloudy  (abs.  of  more  than  traces  of  chlorine  or  bromine)." 
U.  S.P. 

This  latter  reaction  is  applied  for  the  detection  of  chloride  or 
bromide  in  Iodides,  omitting  the  addition  of  sulphurous  acid. 

Quantivalence. — The  atom  of  iodine,  like  those  of  bromine  and 
chlorine,  is  univalent*  (F).  The  atomic  weight  of  iodine  is  12G.6,  its 
molecular  formula  l^. 

The  Iodide  of  Hydrogen^  or  Htjdriodic  Acid,  is  a  heavy,  colorless 
gas.  Its  solution  in  water  may  lie  made  by  passing  sulphuretted 
hydrpgen  through  water  in  which  iodine  is  suspended. 

2II,S  +  21,  =  S,  +  4III. 

Kolbe  prepares  hydriodic  acid  by  adding  to  10  parts  of  Iodine  con- 
tained in  a  flask,  in  an  atmosphere  of  carbonic  acid  gas,  1  part  of 
phosphorus,  little  by  little  and  slowly.  On  the  mixture  of  di-  and 
tri-iodide  of  phosphorus  are  poured  4  parts  of  Avater.  From  this 
abundance  of  hydriodic  acid  is  evolved  on  the  application  of  gentle 
heat,  and  it  is  not  contaminated  by  free  iodine.  Phosphoric  acid 
remains. 

Or  iodine  may  be  dissolved  in  bisulphide  of  carbon  in  a  tall 
cylinder,  water  added,  and  suljihuretted  hydrogen  passed  through 
the  mixture.  The  water  dissolves  the  hydriodic  acid,  the  bisulphide 
retaining  the  separated  sulphur.  The  aqueous  solution  only  needs 
boiling  for  two  or  three  minutes  to  remove  excess  of  sulphuretted 
h'ydrogen. —  Winkler. 

^yrupus  Acidi  Hi/driodici,  U.  S.  P.,  contains  1  per  cent,  of  real 
acid. 

Iodide  of  potassium  (KI)  is  largely  used  in  medicine,  and  hence  is 
the  most  convenient  iodide  on  which  to  experiment  in  studjnng  the 


*  There  is  a  compound  of  iodine  having  the  formula  ICI3.  Iodine 
would  at  fir.st  sight,  therefore,  seem  to  be  a  trivalent  element  (V); 
and  bromine  and  fluorine,  from  their  close  chemieal  analogy  with 
iodine,  would  necessarily  be  regarded  as  trivalent  also.  From  this 
aspect  the  position  of  chlorine  would  be  anomalous.  Possibly,  how- 
ever, the  compound  is  only  a  molecular  combination  of  chloride  of 
iodine,  ICl,  with  chlorine,  VA.^.  Iodine  also  forms  with  iodide  of  potas- 
sium a  periodide,  or  tri-iodide,  KI3,  which  may  be  obtained  in  lustrous 
prismatic  crystals.  This,  too,  may  have  the  i'onnula  KI,l2.  A  mer- 
curic hexiodide  (Hglfi.  perhaps  ligl^jLjIj)  is  also  known;  and  a  per- 
iodide of  ammonium,  NH4lj,l2. 
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reactions  of  tliis  acidulous  radical.  Solid  iodine  itself  inii^ht  be  taken 
for  the  purpose ;  but  its  use  and  action  in  that  state  have  already 
been  alluded  to  in  describing  the  iodides  of  potassium,  cadmium, 
and  mercury ;  its  analytical  reactions  in  the  combined  condition  are 
those  which  may  now  occupy  attention. 

Solution  of  Iodine. — Iodine  is  slightly  soluble  in  water  (iodine- 
water),  and  readily  soluble  in  an  aqueous  solution  of  iodide  of 
potassium.  Five  iparts  of  iodine  and  10  of  iodide  of  potassium 
dissolved  in  85  of  distilled  water,  form  Liquor  lodi  Compositua, 
U.  S.  P.  ("Lugol's  Solution'') ;  4  parts  of  iodine  and  1  of  iodide  of 
{jotassium,  rubbed  with  2  parts  of  water  and  93  of  benzoated  lard 
form  Unguentum  lodi,  U.  S.  P.  It  is  more  soluble  in  spirit  {Tinc- 
tura  lodi,  U.  S.  P.),  or  in  a  spiritous  solution  of  iodide  of  potassium 
{Tindura  lodi,  B.  P.).  It  combines  with  sulphur,  forming  an  un- 
stable grayish-black  solid  iodide  (S^I.^),  having  a  radiated  crystalline 
structure  {Sulphuria  lodiduin,  U.  S.  P.).  If  100  parts  be  thoroughly 
boiled  with  water,  the  iodine  will  pass  off  in  vapor,  and  about  20 
parts  of  sulphur  remain. — B.  P.  and  U.  S.  P. 

Analt/tical  Rcactioun  (  Testa'). 

First  Anali/t'cal  Reaction. — To  a  few  drops  of  an  aqueous 
solution  of  an  iodide  (e.  g.,  KI)  add  solution  of  nitrate  of  sil- 
ver ;  a  light  yellow  precipitate  of  iodide  of  silver  (Agl)  falls. 
Pour  away  the  supernatant  liquid  and  treat  the  precipitate  with 
nitric  acid,  it  is  not  dissolved ;  pour  away  the  acid  and  then  add 
dilute  ammonia,  it  is  only  sparingly  dissolved. 

This  reaction  is  useful  in  separating  iodine  from  most  other  acid- 
ulous radicals,  but  does  not  distinguish  iodine  from  bromine. 

The  presence  of  chloride  in  iodide  of  silver  may  Ite  detected  by 
boiling  with  dilute  solution  of  carbonate  of  ammonium,  filtering  off 
tiie  insoluble  iodide  of  silver  and  saturating  the  filtrate  with  nitric 
a(;i(l ;  any  chloride  of  silver  is  then  precipitated. 

Ammonia,  it  will  be  remembered,  dissolves  chloride  of  silver 
roailily ;  hence  the  presence  of  chloride  of  potassium  in  bromide  or 
iodide  may  be  detected  by  dissolving  in  water,  adding  excess  of 
nitrate  of  silver,  collecting  the  precipitate,  washing,  digesting  in 
aininonia,  filtering,  and  adding  excess  of  nitric  acid  to  the  filtrate; 
a  white  curdy  precipitate  indicates  a  chloride  (of  potassium).  Bro- 
mide and  iodide  of  silver  are,  however,  slightly  soluble  in  ammonia. 
A  better  pi-ocess  is  given  on  page  273. 

Second  Analytical  Reactimi. — Liberate  iodine  from  an  iodide 
by  the  cautious  addition  of  chlorine,  then  add  cold  decoction 
of  starch  ;  a  deep-blue  combination  of  iodine  and  starch,  com- 
monly termed  "  iodide  of  starch,"  is  formed. 

Starch  is  highly  sensitive  to  the  action  of  iodine  ;  this  reaction  is 
consefjuently  very  delicate  and  characteristic.  The  reaction  is  not 
observed  in  Iu)t  liquids.    Excess  of  clilorine  must  be  avoided,  or 
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colorless  cliloride  of  iodine  •will  be  produced.  Nitrous  acid,  or  a 
nitrite  acidulated  with  sulphuric  acid,  may  he  used  instead  of  chlo- 
rine. Concentrated  sulphuric  acid  also  liberates  iodine  from  iodides, 
the  hydrogen  of  the  hydriodio  acid  lirst  produced  uniting  with  the 
oxygen  of  the  sulphuric  acid — the  latter  (II.^SO,)  being  reduced  to 
sulphurous  acid  (H.^SOj)  or  even  to  hydrosulphuric  acid  (H.^S). 

In  testing  bromine  fur  iodine  the  bromine  nuist  be  nearly  all  re- 
moved by  dilute  solution  of  sulphurous  acid  before  the  decoction  of 
starch  is  added. 

Ozone  (O3). — Papers  soaked  in  mucilage  of  starch  containing 
iodide  of  potassium  form  a  test  for  free  chlorine  and  nitrous  acid, 
and  are  also  employed  by  meteorologists  to  detect  an  allotropic  or 
physically  polymeric  and  energetic  form  of  oxygen  termed  by 
Schonbein  ozune  (from  ofw,  ozo,  1  smell).  This  substance  liberates 
iodine  from  iodide  of  potassium  (with  formation  of  iodide  of  starch), 
and  is  supposed  to  occur  normally  in  the  atmosphere,  the  salubrity 
or  insalubrity  of  which  is  said  to  be  dependent  to  some  extent  on 
the  presence  or  absence  of  ozone.  The  jiossible  occurrence  of 
nitrous  or  chlorinoid  gases  in  the  air,  however,  renders  the  test 
untrustworthy.  Ilouzeau  proposes  to  test  for  ozone  by  exposing 
litmus-paper  of  a  neutral  tint  soaked  in  a  dilute  solution  of  iodide 
of  potassium ;  the  potash  set  free  by  action  of  the  ozone  turns  the 
paper  blue.  The  same  paper  without  iodide  would  indicate  the 
extent  to  which  the  effect  might  be  due  to  ammonia  vapor.  Ozone, 
or  rather  ozonized  air,  is  produced  artificially  in  large  quantities  on 
passing  air  through  a  box  (Beane"s  Ozone-generator)  highly  charged 
with  electricity.  In  the  latter  operation  condensation  of  the  volume 
of  air,  or,  rather,  of  the  oxygen  in  the  air,  occurs.  Small  quantities 
are  obtained  by  exposing  in  a  loosely  closed  bottle  a  stick  of  phos- 
phorus partialiy  covered  by  water,  but  the  product  is  mixed  with 
peroxide  of  hydrogen.  Ozone  is  a  powerful  bleaching,  disinfecting, 
and  general  oxidizing  agent;  insolulile  in  water,  soluble  in  oils  of 
turpentine,  cinnamon,  and  some  other  liquids.  From  experiments 
that  have  been  made  by  Soret  on  the  specific  gravity  of  ozone,  its 
molecular  formula  would  seem  to  be  O3,  that  of  ordinary  oxj-gen 
being  O2.    Its  smell  is  peculiar.    (See  p."  235,  also  "  Blood.") 

Third  Analytical  Reaction. — To  a  neutral  aqueous  solution 
of  an  iodide,  add  a  solution  containing  one  part  of  sulphate  of 
copper  to  two  and  a  half  parts  of  green  sulphate  of  iron,  and 
well  shake  ;  a  dirty-white  precipitate  of  cuprous  iodide  (Cu.,!;;) 
falls. 

2KI  -f  2CuS0,  -f  SFeSO^  =  Cu,L  +  K.SO^  +  Fe^SSO,. 

Or  to  the  liquid  containing  an  iodide  add  the  solution  of  cop- 
per sulphate  and  some  solution  of  sulphurous  acid,  and  warm 
the  mixture,  cuprous  iodide  falls. 

2KI      2CuS0,  +  II^SO,  +  H.O  =  CuJ,  +  2KIIS0, 
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Sfiparalion  of  CkloHde.i,  Bromides,  and  Iodides. — Chlorides  and 
bromides  are  not  aB'ected  in  this  way  ;  the  reaction  is  useful,  there- 
fore, in  removing  iodine  from  a  solution  in  which  chlorides  and  bro- 
mides have  to  be  sought.  The  total  removal  of  iodine  by  the  former 
of  the  two  modifications  of  the  process  is  insured  by  supi^lementing 
the  addition  of  the  cupric  and  ferrous  sulphates  by  a  few  drops  of 
solution  of  potash  or  soda,  any  acid  which  might  be  keeping  cuprous 
iodide  in  solution  being  thereljy  neutralized,  ferric  or  ferrous  hy- 
drate, precipitated  at  the  same  time,  not  affecting  the  reaction. 
Occasionally,  too,  it  may  be  necessary  to  repeat  the  process  with  the 
filtrate  before  the  last  traces  of  iodine  are  removed.  The  second 
modification  of  the  process  is,  on  the  whole,  to  be  preferred. 

Chloride  of  the  rare  metal  palladium  performs  a  similar  useful 
office  in  removing  iodine,  but  not  bromine  or  chlorine,  from  solu- 
tions. 

Chlorides  may  he  separated  from  bromides  bj^  taking  advantage 
of  the  ready  solubility  of  chloride  of  silver,  and  slow  and  slight 
solubility  of  bromide  of  silver  in  ammonia,  especially  in  (a  fair,  not 
a  great,  excess  of)  ammonia  containing  chloride  of  silver. 

Siebold's  test  for  the  detection  of  chlorides  when  occurring  wath 
bromides  is  based  upon  the  fact  that  a  strong  solution  of  perman- 
ganate of  potassium  liberates  the  bromine  from  moderately  strong 
solutions  of  bromides  containing  a  large  excess  of  sulphuric  acid. 
A  strong  solution  of  permanganate  is  added  to  the  aqueous  solution 
of  bromide  or  iodide  (containing  not  more  than  1  in  4U),  strongly 
acidified  by  dilute  sulphuric  acid,  until  the  permanganate  ceases  to 
be  decolorized,  and  a  copious  precipitate  of  oxide  of  manganese  is 
formed.  The  mixture  is  boiled  for  about  five  minutes  to  expel  the 
bromine,  and  then  filtered.  The  colorless  filtrate  is  now  quite  free 
from  bromine,  and  may  be  tested  for  chlorine  by  nitrate  of  silver. 
If  a  chloride  be  present,  a  small  quantity  of  its  chlorine  is  lost  by 
this  process  ;  but  the  main  portion  always  remains,  provided  that 
no  undue  excess  of  the  permanganate  be  used.  It  is  essential, 
therefore,  that  the  filtrate  should  be  colorless ;  for  if  it  be  colored  so 
as  to  indicate  the  presence  of  undecomposed  permanganate,  the  loss 
of  the  greater  part  if  not  of  the  whole  of  the  chlorine  must  be  ex- 
pected. If,  on  the  other  hand,  too  little  permanganate  be  employed, 
a  trace  of  bromide  may  be  left  in  the  filtrate.  If  the  solution  under 
examination  should  be  very  much  stronger  than  1  in  40,  water  should 
be  added  before  boiling  (just  after  the  addition  of  the  permanga- 
nate), in  order  to  avoid  a  loss  of  IICl. 

Chlorides  may  also  be  detected  in  bromides  and  iodides  by  taking 
advantage  of  the  fornnvtion  of  chlorochromic  anhydride  (page  236) 
and  the  non-occurrence  of  corresponding  compounds  of  bromine  or 
iodine. 

To  a  solution  of  a  chloride  with  a  bromide  and  an  iodide 
add  a  concentrated  solution  of  sulphate  of  sodium,  and  then  a 
reagent  prepared  by  mixing  equal  volumes  of  sulphuric  acid 
and  saturated  solution  of  sulphate  of  copper,  until  no  further 
precipitation  of  cuprous  iodide  occurs.    Next  add  solution  of 
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soda  to  remove  excess  of  sulphate  of  copper ;  filter  and  evap- 
orate to  dryness.  Place  the  dried  residue,  together  with  an 
equal  bulk  of  red  chromate  of  potassium,  in  a  dry  test-tube 
fitted  with  a  delivery-tube,  or  into  a  small  retort,  and  cover  the 
mixture  with  sulphuric  acid.  Distil  into  water.  Chromic  an- 
hydride and  hydrochloric  and  hydrobromic  acids  are  liberated 
by  the  sulphuric  acid,  and  reacting  upon  one  another  form 
chlorochromic  anhydride,  together  with  free  bromine  and 
chlorine. 

CrO,    +  2HC1     =  CrClA  +  H..0. 
2Cr03  -f  6HC1  -f  3H.,S0,  =  Cr,3S0,  +  3C1.,  +  6H,0. 
2CyO,  +  6HBr  +  SH.SO^  =  Cr.,3S0,  +  3Br,  +  6H.,0. 

The  chlorochromic  anhydride  is  decomposed  by  the  excess 
of  water  into  which  it  falls,  giving  rise  to  chromic  acid,  which 
imparts  its  color  to  the  liquid,  and  hydrochloric  acid.' 

CrClA  +  2H,0  -  H,CrO,  +  2HC1. 

The  chlorine  escapes  and  the  bromine  is  dissolved  by  the 
water.  The  colored  liquid  is  then  shaken  with  chloroform, 
which  removes  the  bromine; — -indicating  bromine  in  the  origi- 
nal substance.  A  yellow  color  remaining  is  due  to  chromic 
acid,  indicating  chlorides  in  the  original  substance.  Or  add 
ammonia  to  the  distillate — the  color  due  to  bromine  is  thereby 
entirely  removed,  while  that  of  the  chromic  compound  is  only 
slightly  modified. 

Fourth  Analytical  Reaction. — Iodides  have  been  shown  to 
be  useful  in  testing  for  mercuric  salts  (see  the  Mercury  reac- 
tions, p.  201)  ;  a  mercuric  salt  (corrosive  sublimate,  for  ex- 
ample) may  therefore  be  used  in  testing  for  iodides,  a  scarlet 
precipitate  of  mercuric  iodide  (HgL)  being  produced. 

This  reaction  may  be  employed  where  large  quantities  of  an 
iodide  are  present ;  but  its  usefulness  in  anah'sis  is  mucli  im- 
paired by  the  fact  that  the  precipitate  is  soluble  in  excess  of  the 
dissolved  iodide  or  in  excess  of  the  mercuric  reagent.  Its  color  and 
insolubility  in  water  distinguish  it  from  mercuric  chloride,  bromide, 
and  cyanide,  which  are  white  soluble  salts. 

Fifth  Analytical  Reaction. — Iodides  have  also  (see  the  Lead 
reactions,  p.  211)  been  shown  to  be  useful  in  testing  for  lead 
salts;  similarly  a  lead  salt  (acetate,  for  example)  may  be  used 
in  testing  for  iodides,  a  yellow  precipitate  of  iodide  of  lead 
(Pbl.2),  soluble  in  hot  water  and  crystallizing  in  yellow  scales 
on  cooling,  being  produced. 

Chloride,  bromide,  and  cyanide  of  lead  are  white;  hence  tlio  above 
reaction  may  occasionally  l)e  useful  in  distinguishing  iodhie  from  the 
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allied  radicals.  But  iodide  of  lead  is  slightly  soluble  in  cold  water ; 
hence  small  quantities  of  iodide  cannot  be  detected  by  this  reaction. 
(For  Indates  sec  p.  293.) 

Analogies  between  Chlorine,  Bromine,  Iodine,  and  their  Comjjounds. 
— These  elements  form  a  natural  group  or  family,  each  distinct  from 
the  other,  yet  closely  related.  Moreover,  their  dissimilarities  are  so 
curiously  gradational  as  to  irresistibly  suggest  the  idea  that  some 
day  we  may  find  the  differences  between  these  bodies  to  be  in  de- 
gree rather  than  in  kind.  Thus  chlorine  is  a  gas  and  iodine  a 
solid,  while  bromine  occupies  the  intermediate  condition.  The 
atomic  weight  of  bromine  is  nearly  midway  between  those  of 
chlorine  and  iodine.  The  same  may  be  said  of  the  weight  of 
equal  volumes  of  each  in  the  gaseous  state.  The  specific  gravity 
of  fluid  chlorine  is  1.33,  of  iodine  4.95,  while  bromine  is  nearly  3. 
Liquid  chlorine  is  transparent,  iodine  opaque,  bromine  intermediate. 
The  crystalline  forms  of  the  chloride,  bromide,  and  iodide  of  a  metal 
are  commonly  identical.  One  volume  of  either  clement  in  the  gas- 
eous state  combines  with  an  equal  volume  of  hydrogen  (at  the  same 
temperature)  to  form  two  volumes  of  a  gaseous  acid,  very  soluble  in 
water  (hydrochloric  acid,  hydrobromic  acid,  hydriodic  acid).  Many 
other  analogies  are  traceable. 


QUESTIONS  AND  EXERCISES. 

419.  State  the  method  by  which  Bromine  is  obtained  from  its  nat- 
ural compounds. 

420.  Mention  the  properties  of  bromine. 

421.  How  nuiy  the  Bromides  of  Potassium  and  Ammonium  be 
made  ? 

422.  By  what  reagents  may  bromides  be  distinguished  from  chlo- 
rides ? 

423.  Whence  is  iodine  obtained? 

424.  By  what  process  is  iodine  isolated  ? 
42.5.  State  the  properties  of  iodine. 

426.  What  is  the  nature  of  Iodide  of  Sulphur  ? 

427.  Give  the  an.alytical  reaction  of  iodides. 

428.  Which  three  substances  may  indirectly  be  detected  by  a  mix- 
ture of  iodide  of  potassium  and  mucilage  of  starch? 

429.  Describe  a  method  by  which  iodides  may  be  removed  from  a 
solution  containing  chlorides  and  bromides. 


HYDROCYANIC  ACID  AND  OTHER  CYANIDES. 

Formula  of  Hydrocyanic  Acid  HON  or  IlCy. 

Molecular  weight  27. 

History  of  Cifanogm. — The  acidulous  radical  of  hydrocyanic  acid 
and  other  cyanides  is  a  compound  body,  cyanogen  (Cy).    It  is  so 
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named  from  Khavog,  Icuanos,  blue,  and  yEwdu,  gennao,  I  generate,  in 
allusion  to  its  prominent  chemical  character  of  forming,  with  iron, 
the  different  varieties  of  Prussian  blue.  It  was  from  Prussian  Iduc 
that  Scheele,  in  17S2,  first  detained  what  we  now,  from  our  know- 
ledge of  its  composition,  term  hydrocyanic  acid,  but  which  he  called 
Prussia  acid.  Cyanogen  was  isolated  Ijy  Gay-Lussac  in  1814,  and 
was  the  first  compound  radical  distinctly  proved  to  exist. 

Sources. — Cyanogen  does  not  occur  in  nature,  and  is  only  formed 
from  its  elements  under  certain  circumstances.  It  is  found  in  small 
quantities  among  the  gases  of  iron-furnaces,  and  is  produced  to  a 
slight  extent  in  distilling  coals  for  gas.  In  the  form  of  ferrocyanide 
of  potassium  it  is  obtained  abundantly  by  heating  animal  refuse 
containing  nitrogen,  such  as  the  scrapings  of  horns,  hoofs,  and 
hides  (5  parts),  with  carbonate  of  potassium  (2  parts)  and  waste  iron 
(filings,  etc.)  in  a  covered  iron  pot.  The  residual  mass  is  boiled  with 
water,  the  mixture  filtered,  and  the  filtrate  evaporated  and  set  aside 
for  crystals  to  form.  The  cyanogen,  produced  from  the  carbon  and 
nitrogen  of  the  animal  matter,  unites  with  the  potassium,  and  after- 
wards, on  boiling  with  water,  with  iron,  to  form  what  is  known  as 
the  yellow  prussiate  of  potash  {Potassce  Priiss7as  Flava,  B.  P.),  or 
ferrocyanide  of  potassium  (K^^Fe'''Cy^-5,3Il20)  {Poiassii  Ferrocijani- 
dum,  U.  S.  P.),  a  compound  occurring  in  four-sided  tabular  yellow 
crystals.  It  contains  the  elements  of  cyanogen,  yet  it  is  not  a 
cyanide,  for  it  is  not  poisonous,  and  is  otherwise  different  from 
cyanides ;  it  will  be  further  noticed  subsequently.  From  this  salt 
all  cyanides  are  directly  or  indirectly  prepared. 

Cyanide  of  pofasshmi  (KCy)  (Pofassii  Cyanidum,^].  S.  P.),  which 
is  the  most  common,  is  procured  by  fusing  8  parts  of  ferrocyanide 
with  3  of  carbonate  of  potassium  in  a  crucible ;  carbonic  acid  gas 
COj)  is  evolved,  iron  (Fe)  is  set  free,  and  cyanate  of  potassium 
KCyO),  a  body  that  will  be  subsequently  noticed,  is  formed  at  the 
same  time : — 

2K,FeCy6  -f-  2K2CO3  =  lOKCy  -f  2KCyO  +  Fe,  +  2CO2. 

Double  q/anides  exist,  such  as  the  cyanide  of  sodium  and  silver 
(NaCy,AgCy),  formed  in  the  pi-ocess  (subsequently  described)  of 
quantitatively  determining  the  amount  of  hydrocyanic  acid  in  a 
liquid  by  a  standard  solution  of  nitrate  of  silver ;  these  compounds 
have,  more  or  less,  the  properties  of  their  constituents.  But  other 
cyanogen  compounds,  not  double  cyanides,  occur  in  which  the  cyano- 
gen is  so  intimately  united  with  a  metal  as  to  form  a  distinct  radical ; 
such  are  ferrocyanides  and  ferridcyanides — salts  which  will  be  noticed 
in  due  course. 

Cyanogen,  like  chlorine,  bromine,  and  iodine,  is  univalent  (Cy^). 
It  may  be  isolated  by  simply  heating  mercuric  cyanide  (HgCyo)  or 
cyanide  of  silver  (AgCy).  It  is  a  colorless  gas,  burning,  when 
ignited,  with  a  beautiful  peach-blossom-colored  flame. 

Mercuric  cyanide  is  produced  in  crystals  on  dissolving  1  part  of 
ferrocyanide  of  potcassium  in  In  parts  of  l)oiling  water,  adding  2  parts 
of  mercuric  sulphate,  keeping  the  whole  hot  for  ten  or  fifteen  minutes, 
and  then  filtering  and  setting  aside  to  cool.   In  addition  to  mercuric 


CYANIDES. 


277 


cviniiele  (HgCy.,),  niprcui-y  (Hg),  fon-ic  sulphate  (Fe,^3S0.,),  and  siil- 
phiito  of  potassium  (K.^SO^),  are  formed.  Any  excess  of  fcn-rocyanido 
also  i;ives  Prussian  blue  by  reaction  witli  the  ferrie  sulphate.  It 
{Hi/dran/ijri  Ci/anidim,  U.  S.  P.)  may  also  be  made  by  dissolving 
red  oxiiie  of  mercury  in  diluted  hydrocyanic  acid.  A  small  flame 
of  cyanogen  may  be  obtained  on  heating  a  few  crystals  of  mercuric 
cvaiiiile  in  a  short  piece  of  glass  tubing  closed  at  one  end,  and  apply- 
ing a  light  to  the  other  end  as  soon  as  evolution  of  gas  commences ; 
brown  paraci/anogen  (C3N3)  and  mercury  remain. 

Reactions. 
Diluted  Hydrocyanic  Acid. 

Synthetical  Reaction. — Dissolve  2  or  3  grains  of  ferrocyanide 
of  potassium  in  5  or  6  times  its  weight  of  water  in  a  test-tube, 
add  a  few  drops  of  sulphuric  acid  and  boil  the  mixture,  con- 
veying the  evolved  gas  by  a  bent  glass  tube  (adapted  to  the 
test-tube  by  a  cork)  into  another  test-tube  containing  a  little 
water ;  the  product  is  a  dilute  solution  of  hydrocyanic  acid. 
Made  by  this  process  in  large  quantities  of  a  certain  definite 
strength  (2  per  cent.),  this  solution  is  the  Acidnm  Hi/drocy- 
anicnm  DUaftim,  U.  S.  P.  "A  colorless  liquid  of  a  peculiar 
odor.    Specific  gravity  0.997." 

2K,FeCy6  +  6H,S0,  =  FeK,Fe"Cy6  +  6KHS0,  -f  6HCy. 

The  following  are  the  details  of  the  official  (U.  S.  P.)  process : — 
Place  20  parts  of  Ferrocyanide  of  Potassium  in  coarse  powder  ia 
a  tubulated  retort,  and  add  to  it  forty  (40)  parts  of  Water.  Con- 
nect the  neck  of  the  retort  (which  is  to  be  directed  upward),  by 
means  of  a  bent  tube,  with  a  well-cooled  condenser,  the  delivery- 
tube  of  which  terminates  in  a  receiver  surrounded  with  ice-cold 
water,  and  containing  sixti/  (GO)  parts  of  Diluted  Alcohol.  All  the 
joints  of  the  apparatus,  except  the  neck  of  the  receiver,  having 
been  made  air-tight,  pour  into  the  retort,  through  the  tubulure,  the 
Sulphuric  Acid  previously  diluted  with  an  equal  weight  of  Water. 
Agitate  the  retort  gently,  and  then  heat  it,  in  a  sand-bath,  until  the 
contents  are  in  brisk  ebullition,  and  continue  the  heat  regularly 
until  there  is  but  little  lif(uid  mixed  with  the  saline  mass  remaining 
in  the  retort.*  Detach  the  receiver,  and  add  to  its  contents  so  much 
Distilled  Water  as  may  be  rccpiired  to  bring  the  product  to  the 
strength  of  two  (2)  per  cent,  of  absolute  Hydrocyanic  Acid.  (  Vide 
paragraphs  on  quantitative  analysis.) 


*  This  operation  is  peculiarly  liable  to  those  sudden  and  tumultuous 
evolutions  of  vapor,  or  "  hnmpings,"  or  "  soubresml.'i,"  which  often  in- 
terfere with  successful  distillation.  Such  phenomena  occur,  according 
to  Tomlinson,  whenever  unaided  heat  has  to  overcome  tiie  great  amount 
of  adhesion  naturally  existing  between  certain  licjuids  and  vapors,  or, 
ratlier,  between  the  normal  liquid  and  those  particles  of  it  which,  be- 
24 
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The  residue  of  this  reaction  is  acid  sulphate  of  potassium  (KIISO^), 
which  remains  in  solution,  and  ferrocyaiiide  of  potassium  and  iron 
(Fe'^KjFeCyJ,  an  insoluble  powder  sometimes  termed  Everitfs 
yellow  salt,  from  the  name  of  the  chemist  who  first  made  out  the 
nature  of  the  reaction.  The  latter  compound  becomes  bluish-green 
during  the  reaction,  owing  to  absorption  of  oxygen. 

Diluted  hydrocynnic  acid  may  also  be  prenar(d  by  reaction  of 
cyanide  of  silver  (6  parts),  hydrochloric  acid  (5  parts),  and  distilled 

water  (55  parts).  Mi.x  the  hydrochloric  acid  with  the  distilled 

water,  add  the  cyanide  of  silver,  and  shake  the  whole  together  in  a 
glass-stoppered  bottle.  AVhen  the  jirecipitate  has  subsided,  pour  off 
the  clear  liquid. 

Pure  anhi/draus  hydrocyanic  acid  is  a  colorless,  highly  volatile, 
intensely  poisonous  liquid,  solidifying  when  cooled  to  a  low  tempera- 
ture.* It  maybe  made  bypassing  sulphuretted  hydrogen  over  mer- 
curic cyanide.  The  official  solution  of  the  acid  is  fairly  stable,  but 
is  said  to  be  rendered  more  so  by  the  presence  of  a  minute  trace  of 
sulphuric  or  hydrochloric  acid.  A  stronger  acid  is  liable  to  assimilate 
the  elements  of  water,  and  yield  formiate  of  ammonium  (NII^CHO,). 
Solutions  of  hydrocyanic  acid  often  become  brown  by  formation  of 
what  is,  apparently,  paracyaiiogen  (CgN.,).  Accoi'ding  to  "Williams, 
aqueous  hydrocyanic  acid  containing  2U  per  cent,  of  glycerin  can 


coming  strongly  heated  at  the  heated  part  of  the  vessel,  have  assumed 
the  condition  of  particles  of  dissolved  vapor,  and  which  would  at  once 
piiss  from  this  condition  into  that  of  permanent  vapor  but  for  adhesi<m. 
Ordinarily  a  glass  or  other  surface  is  not  absolutely  clean,  but  is  more 
or  less  covered  with  specks,  traces  of  materials  deposited  from  the  air, 
the  fingers,  cloths,  etc.  Some  liquids  seem  to  have  little  or  no  adhesion 
for  these  materials,  while  certain  vapors  have  greater  adhesion  for  the 
films  than  lor  the  liquids.  Hence,  in  ordinary  regular  ebullitions  the 
vapors  accumulate  on  the  films,  and  then  at  once  become  subject  to  the 
pressure  of  the  mass  of  fluid,  and  so  pass  off  in  bubbles.  But  when 
the  films  are  absent,  or  have  become  removed  during  distillation,  the 
heat  accumulates  until  it  is  snflicient  to  overcome  the  adhesion  of  the 
superheated  particles,  and  these  are  then,  all  of  them  at  once,  con- 
verted into  vapor,  the  liquid  commonly  boiling  over,  sometimes  even 
bursting  the  vessel.  "Bumping"  would  be  prevented  by  the  intro- 
duction of  fragments  of  substances  for  Avliich  vapor-particles  have  ad- 
hesion, but  no  known  substance  has  this  properly  in  an  absolute  degree. 
Fragments  of  tobacco-pipe  or  pumice  stone,  pieces  of  cork,  thick  paper, 
resin,  sulphur,  platinum  wire,  etc.,  are  all  useful  when  there  is  no 
chemical  action  between  them  and  the  liquid.  Mr.  Tomlinson  very 
strongly  recommends  cocoanut-shell  charcoal  to  be  used  whenever 
practicable.  A  slow  current  of  gas,  such  as  hydrogen,  air,  or  carbonic 
acid  gas,  also  useftilly  promotes  escape  of  vapor  from  a  liquid.  A  jet 
of  steam  prevents  bumping,  but  is  not  always  applicable.  AVhen  the 
bumping  cannot  well  be  prevented,  as  in  the  distillation  of  sulphuric 
acid,  it  is  somewhat  reduced  in  violence  if  the  retort  be  heated  by  an 
annular  gas-burner  rather  than  by  a  sinsrle  central  jet. 

*  Traces  are  formed  when  electricity  passes  between  carbon  poles  in 
slightly  moist  air  (Dewar). 
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bo  kept  for  an  apparently  indefinite  lenjith  of  time.  The  official 
;u!id  should  be  preserved  in  small  stoppered  bottles  in  a  cool  dark 
place. 

Note. — A  few  drops  of  diluted  hydrocyanic  acid  so  placed  that  its 
vapor  may  bo  inhaled,  forms  the  Vapor  Acid  Hydroci/anici,  B.  P., 
or  Inhalation  of  Hydrocyanic  Acid. 

Hydrocyanic  acid  also  occurs  in  cherry-laurel  water  and  Ijitter- 
almond  water  (ride  Index). 

The  hydrocyanic  acid  used  in  pharmacy  is  extremely  liable  to  vari- 
ation in  strength.    It  should  frequently  be  tested  volumetrically. 

Anali/tical  Reactions  (^Tests'). 

First  Anah/fical  Reaction. — To  a  few  drops  of  the  hydro- 
cyanic acid  solution  produced  in  the  above  reaction,  or  to  any 
solution  of  a  cyanide,  add  excess  of  solution  of  nitrate  of  sil- 
ver; a  white  precipitate  of  cyanide  of  silver  (AgCy)  falls. 
When  the  precipitate  has  subsided,  pour  away  the  supernatant 
liquid,  and  place  half  of  the  residue  in  another  test-tube :  to 
one  portion  add  nitric  acid,  and  notice  that  the  precipitate  does 
not  dissolve ;  to  the  other  add  ammonia,  and  observe  that  the 
precipitate  is  insoluble  or  only  sparingly  soluble.  (Chloride 
of  silver,  which  is  also  white,  is  readily  soluble  in  ammonia.) 
Cyanide  of  silver  dissolves  in  solutions  of  cyanides  of  alkali- 
nietals,  soluble  double  cyanides  being  formed  (^.  g.,  KCy,- 
AgCy). 

Solubililj/  of  precipitate.i  in  .<it.ron(j  sohitions  of  salts. — Cyanide 
of  silver  and  many  other  precipitates  insoluble  in  acids  (similar  re- 
marks apply  to  precipitates  insoluble  in  alkalies)  are  often  soluble 
in  the  sti'ong  saline  liquids  formed  by  the  addition  of  acids  and 
alkalies  to  one  another.  Hence  the  precaution  of  adding  the  latter 
reagents  to  separate  portions  of  a  precipitate,  or  of  not  adding  the 
one  until  the  other  has  been  poured  away. 

Ci/anof/en  in,  an  insoluble  cyanide,  such  as  cyanide  of  silver  itself, 
i.s  readily  recognized  on  heating  the  substance  in  a  short  piece  of 
glass  tubing  closed  at  one  end  like  a  test-tube  and  drawn  out  at  the 
other  end,  so  as  to  have  but  a  small  opening ;  on  applying  a  flame, 
the  escaping  cyanogen  ignites  and  burns  with  a  characteristic  peach- 
blossom  tint.    Metallic  silver  remains. 

Antidote. 

Second  Anali/tical  Rcactiun. — To  a  dilute  solution  of  hydro- 
cyanic acid,  or  a  soluble  cyanide,  add  a  few  drops  of  solution 
of  a  ferrous  salt  and  a  drop  or  two  of  solution  of  a  ferric  salt 
(ferrous  sulphate  and  ferric  chloride  arc  usually  at  luind)  ;  to 
the  iiii,xture  add  potash  or  soda  (magnesia  or  carbonate  of  so- 
diunij,  and  then  hydrochloric  acid;  a  precipitate  of  Prussian 
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blue  remains.  The  decompositions  may  be  traced  in  the  fol- 
lowing equations : — 

HCy      +  KHO    =  KCy  +  H,0 

2KCy     +  FeSO,   =  FeCy  +  K,SO, 

4KCy     +  FeCy,    =  K.FeCyc  or  K.Fcy 

3K,Fcy  +  2Fe,C'l6  =  12KC1  +  Fe.Fcy^. 

The  test  depends  on  the  conversion  of  the  cyanogen  into  ferro- 
cyanogen  by  aid  of  the  ii-on  of  a  ferrous  salt,  and  the  combination 
of  the  ferrocyanogen,  so  produced,  with  the  iron  of  a  ferric  salt. 

Hence  a  mixture  of  green  sulphate  of  iron,  solution  of  perchlo- 
ride  of  iron,  and  cither  magnesia  or  carbonate  of  sodium,  is  the 
recognized  antidote  in  cases  of  poisoning  by  hydrocyanic  acid  or 
cyanide  of  potassium. 

In  such  an  alkaline  mixture  the  poisonous  cyanide,  by  reaction  with 
ferrous  hydrate,  is  at  once  converted  into  innocuous  ferrocyanide  of 
potassium  or  sodium,  etc. ;  should  the  mixture  become  acid,  the  fer- 
ric salt  present  reacts  with  the  soluble  ferrocyanide,  forming  insol- 
uble Prussian  blue,  which  is  also  inert.  From  the  rapidity  of  the 
action  of  these  poisons,  however,  there  is  seldom  time  to  prepare  an 
antidote.  Emetics,  the  stomach-pump,  the  application  of  a  streani 
of  cold  water  to  the  spine,  and  the  above  antidote,  form  the  usual 
treatment. 

Third  Analijtical  Reaction. — To  solution  of  hydrocyanic 
acid  add  ammonia  and  common  yellow  sulphydrate  of  ammo- 
nium, and  evaporate  the  liquid  nearly  or  quite  to  dryness  in  a 
small  dish,  occasionally  adding  ammonia  till  the  excess  of 
sulphydrate  of  ammonium  is  decomposed ;  add  water  and 
acidify  the  liquid  with  hydrochloric  acid,  and  then  add  a  drop 
of  solution  of  a  ferric  salt ;  a  blood-red  solution  of  sulpho- 
cyanide  of  iron  will  be  formed. 

This  is  a  very  delicate  reaction.  Some  free  sulphur  in  the  yellow 
sulphydrate  of  ammonium  unites  with  the  alkaline  cyanide  and  forms 
sulphocyanate  (2AmCy  +  S,^  "  2AmCyS) ;  the  ammonia  combines 
with  excess  of  free  sulphur,  and  forms,  among  other  salts,  sulphydrate 
of  ammonium,  the  whole  of  which  is  removed  by  the  ebullition.  If 
the  liquid  has  not  been  evaporated  far  enough,  sulphydrate  of  am- 
monium may  still  be  present,  and  give  black  sulphide  of  iron  on  the 
addition  of  ferric  salt. 

Hydrocyamc  Acid  in  the  Blood. — According  to  Buchner  the  blood 
of  animals  poisoned  by  hydrocyanic  acid,  instead  of  coagulating  as 
usual,  remains  liquid  and  of  a  clear  cherry-rod  color  several  days. 
In  one  case  he  obtained  the  reactions  of  the  acid  on  diluting  and  dis- 
tilling the  blood  fifteen  days  after  death,  and  applying  the  usual 
reagents  to  the  distillate.  Aqueous  solution  of  peroxide  of  hydrogen 
(p.  102)  changes  such  Idood  to  a  deep-brown  color. 

Schonbeiii's  test  for  hydrocyanic  acid  is  said  to  be  extremely  deli- 
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cate.  Filtering-paper  i.s  soaked  in  a  solution  of  3  parts  of  guaiaonm 
resin  in  100  of  alcohol.  A  strip  of  this  paper  is  dipf)ed  in  a  solution 
of  1  part  of  sulphate  of  copper  in  50  of  water ;  a  little  of  the  sus- 
pected solution  is  placed  on  this  paper  and  exposed  to  the  air,  when 
it  inunediat(ily  turns  blue.  Or  the  paper  may  be  placed  over  the 
neck  of  an  open  bottle  of  medicine  supposed  to  contain  hydrocyanic 
acid,  or  otherwise  exposed  to  the  vapor  of  the  acid. 


QUESTIONS  AND  EXERCISES. 

430.  Write  a  paragraph  on  the  history  of  cyanogen. 

431.  Mention  the  source  of  the  cyanogen  of  cyanides. 

432.  How  is  Ferrocyanide  of  Potassium  prepared  ? 

433.  What  is  the  formula  of  ferrocyanide  of  potassium? 

434.  Is  ferrocyanide  of  potassium  poisonous  ? 

435.  AVrite  an  equation  expressive  of  the  reaction  which  ensues 
when  ferrocyanide  and  carbonate  of  potassium  are  brought  together 
at  a  high  temperature. 

436.  What  are  the  properties  of  cyanogen  ?  How  may  it  be  ob- 
tained in  a  pure  condition? 

437.  How  is  mercuric  cyanide  prepared? 

438.  How  much  real  hydrocyanic  acid  is  contained  in  the  official 
liquid  ? 

439.  Give  details  of  the  preparation  of  hydrocyanic  acid,  and  an 
equation  of  the  reaction. 

440.  State  the  proportion  of  water  that  must  be  added  to  an  aque- 
ous solution  containing  15  per  cent,  of  hydrocyanic  acid  to  reduce 
the  strength  to  2  per  cent. — Ans.  6J  to  1. 

441.  What  are  the  characters  of  pure  undiluted  hydi'ocyanic  acid? 
How  may  it  be  obtained  ? 

442.  Enumerate  the  tests  for  cyanogen,  giving  equations. 

443.  P^xplain  the  action  of  the  best  antidote  in  cases  of  poisoning 
by  hydrocyanic  acid  or  cyanide  of  potassium. 


NITRIC  ACID  AND  OTHER  NITRATES. 

Formula  of  Nitric  Acid  IINO3.    Molecular  weight  63. 

_  Introduction. — The  group  of  elements  represented  by  the  formula 
NO,  is  that  characteristic  of  nitric  acid  and  all  other  nitrates  ;  hence 
it  is  expedient  to  regard  these  elements  as  forming  an  aciidulous 
radical,  whic;h  may  be  termtul  ilie  ni/n'r.  radical.  Like  the  hypo- 
thetical basylous  radical  ammonium  (NH,),  this  supposed  acidulous 
radical  (NO.,)  has  not  been  isolated.  Possibly  it  is  liberated  when 
chlorine  is  brought  into  contact  with  nitrate  of  silver ;  but,  if  so,  its 
decomposition  into  white  crystalline  nitric  anhydride  (N^O^)  and 
oxygen  (0)  is  too  rapi<l  to  admit  of  its  identification. 

Soiirir.s. — The  nitrog(ui  and  oxygen  of  the  air  combine  and  ulti- 
mately form  nitric  acid  whenever  a  current  of  electricity  (us  in  tlie 
21  » 
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occurrence  of  lif>;litnin,K)  parses.  The  nitrates  found  in  rain  may 
partly  or  wliolly  thus  originate.  The  oxidation  of  aninioniaeal  mat- 
ter and  of  tiie  nitrogenous  constituents  of  animal  and  vegetable 
matter  in  the  soil,  favored  by  the  darkness  and,  probatdy,  by  the 
presence  of  some  lovs^  form  of  vegetable  life  acting  as  a  ferment, 
result  in  the  production  of  nitrates.  Hence  nitrates  are  commonly 
met  M'ith  in  waters,  soils,  and  the  juices  of  plants.  In  the  concen- 
trated plant-juices  termed  medicinal  "  Extracts,"  small  prismatic 
crystals  of  nitrate  of  potassium  may  occasionally  be  observed.  (The 
cubical  crystals  often  met  with  on  extracts  are  chloride  of  potas- 
sium.) Nitric  acid  and  other  nitrates  are  obtained  from  nitrates  of 
potassium  and  sodium,  and  these  form  the  surface  layers  of  the  soil 
of  tropical  countries.  Nitrate  of  jjotassium  or  jmsmatic  nitre  (from 
the  form  of  its  crystals)  is  chiefly  produced  in  and  about  the  villages 
of  India.  The  natives  simply  scrape  the  surface  of  waste  grounds, 
mud-heaps,  banks,  and  other  spots  where  a  slight  incrustation  indi- 
cates the  presence  of  appreciable  quantities  of  nitre,  mix  the  scrap- 
ings with  wood  ashes  (carbonate  of  potassium,  to  decompose  the 
niti-ate  of  calcium  always  present),  digest  the  mixture  in  water,  and 
evaporate  the  liquor.  The  impure  product  is  purified  by  careful 
recrystallizations,  and  is  sent  into  commerce  in  the  form  of  white 
crystalline  masses  or  fragments  of  striated  six-sided  prisms.  Besides 
its  u.  c  iu  medicine  {Poiansii  Nitras,  U.  S.  P.),  it  is  employed  in 
very  large  quantities  in  the  manufacture  of  gunpowder.  Charta 
Potassii  Nitratis,  U.  S.  P.,  Nitrate-of- Potassium  Paper,  is  made  by 
immersing  strips  of  white  unsized  paper  in  a  solution  of  1  part  of 
the  salt  in  4  parts  of  water  and  drying  them.  Nitrate  of  Sodium 
{Soda  Nitras,  U.  S.  P.)  occurs  in  deposits  from  3  inches  to  3  yards 
in  thickness  on  and  near  the  surface,  and  at  any  depth  down  to 
about  30  feet,  in  many  parts  of  Peru,  Bolivia,  and  Chili,  but  more 
especially  in  the  district  of  Atacama.  The  mineral  is  termed 
caliche,  and  commonly  contains  50  per  cent,  of  nitrate  of  sodium. 
The  latter  is  distinguished  as  Chili  saltpetre  or  (from  the  form  of  its 
crystals — olituse  rhomboids)  cubic  nitre,  and  is  chiefly  used  as  a 
manure  and  as  a  source  of  nitric  acid,  its  tendency  to  absorb  moist- 
ure unfitting  it  for  use  in  gunpowder.  In  many  parts  of  Europe 
nitrate  of  potassium  is  made  artificially  by  exposing  heaps  of  animal 
manure,  refuse,  ashes,  and  soil  to  the  action  of  the  air  and  the  heat 
of  the  sun  :  in  the  course  of  a  year  or  two  the  nitrogen  of  the  animal 
matter  becomes  oxidized  to  nitrates ;  the  latter  are  removed  liy 
washing.  According  to  Warington,  the  nitrifying  ferment  appears 
capable  of  existing  in  three  conditions: — 1,  the  nitric  ferment  of 
soil,  which  converts  both  ammonium  salts  and  nitrites  into  nitrates ; 
2,  the  altered  ferment,  which  converts  ammonium  salts  into  nitrites, 
but  fails  to  change  nitrites  into  nitrates ;  and,  3,  the  surface  organ- 
ism (a  bacterium)  which  changes  nitrites  into  nitrates. 

Note. — The  word  nitric  is  from  )iitre,  the  English  equivalent  of 
the  Greek  virpov  (nitron),  a  name  applied  to  certain  natural  deposits 
of  natron  (carbonate  of  sodium),  for  which  nitrate  of  potixssiuni 
seems  at  first  to  have  been  mistaken.  Sdllpcfre  is  simply  sal  petra, 
salt  of  the  rock,  in  allusion  to  tne  natural  origin  of  nitrate  of  potas- 
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siiiin.    Sal  prunella  (from  sal,  a  salt,  and  prima,  a  live  coal)  is 
nitrate  of  potassium  melted  over  a  fire  and  cast  into  cakes  or  bullets. 
The  nitric  radical  is  univalent  (NO3'). 

Constitution  of  Salts. 

It  is  here  necessary  again  to  caution  the  reader  against  regarding 
salts  as  invariably  possessing  a  known  constitution,  or  supposing 
that  they  always  possess  two  or  more  sides  or  contain  definite  raol- 
iuals.  The  erroneous  conception  which,  of  all  othei's,  is  most  likely 
to  be  imperceptibly  formed  is  that  of  considering  salts  to  be  binary 
bodies.  For,  first,  the  names  of  salts  are  necessarily  binary.  A 
student  hears  the  names  "  sulphate  of  iron,"  "  sulphate  of  copper," 
and  simultaneously  receives  the  impression  that  each  salt  has  two 
sides,  copper  or  ii-on  occupying  one,  and  something  indicated  by  the 
words  "  sulphate  of"  the  other.  Such  words  as  "  vitriol,"  green  or 
blue,  or  "  nitre,"  would  perhaps  implant  unitary  ideas  in  the  mind  ; 
but  it  is  simply  impossible  to  give  such  names  to  all  salts  as  will 
convey  the  impression  that  each  salt  is  a  whole,  and  therefore  uni- 
tary. The  name  "sulphate  of  potash"  produces  binary  impres- 
sions ;  and  the  less  incorrect  name,  sulphate  of  potassium,"  is  in 
this  respect  no  better.  Secondly,  it  is  impi-acticable  to  study  salts 
as  a  whole.  Teachers  are  almost  unanimous  in  the  opinion  that 
students  should  first  master  the  reactions  characteristic  of  the  metals 
in  salts,  and  then  the  residues  which,  with  those  metals,  make  up 
the  salts,  or  vice  versa.  It  is  not  only  impracticable,  but  impossible, 
to  study  salts  as  a  whole ;  binary  ideas  concerning  them  are  there- 
fore almost  inevitably  imbibed.  We  come  to  regard  a  salt  as  a  body 
which  splits  up  in  one  direction  only,  look  upon  nitre,  for  instance, 
and  all  other  nitrates,  as  containing  NO3  and  a  metal  K ;  whereas 
KNO3  may  be  split  up  into  KNO2  and  0 ;  or  into  KjO,  Nj,  and  O5 ; 
or  may  contain  KjO  and  NjOj.  These  are  the  chief  disaclvantages 
attending  the  employment  of  the  binary  hypothesis  in  studying 
chemical  compounds  ;  if  they  be  borne  in  mind,  the  hypothesis  may 
be  freely  used  without  much  danger  of  permanent  mental  bias. 
Thus  in  nitre  let  the  group  of  elements  (NO.,)  which,  with  potas- 
sium, makes  up  the  whole  salt  be  called  the  nitric  radical,  the  name 
of  the  latter  being  directly  derived  from  its  hydi'Ogen  salt.  Sim- 
ilarly allow  the  acidulous  residues  of  other  salts  of  metals  to  be 
termed  respectively  the  chloric,  acetic,  sulphurous,  sulphuric,  car- 
bonic, ox.alic,  tartaric,  phosphoric,  citric,  boracic  radicals.  In  short, 
these  compound  radicals  should  be  regai-ded  as  groupings  common 
to  many  salts,  and  which  may  usually  be  transferred  without  any 
apparent  breaking  or  splitting ;  at  the  same  time  we  must  be  pre- 
pared to  find  that  occasionally  fi  salt  divides  in  other  directions.  In 
this  way  perhaps  erroneous  impressions  will  gain  least  hold  on  the 
mind,  and  a  way  be  hift  open  for  the  easy  entrance  of  new  truths 
should  the  real  constitution  of  salts  be  discovered. 

Formerly  salts  (such  as  sulphate  of  magnesium)  were  regarded  as 
containing  («)  an  oxide  of  a  metal  (MgO)  and  an  anhydride  (SO,,), 
the  latter  being  incorrectly  called  an  acid  (sulphuric  acid);  or  (/;)  as 
containing  two  simple  radicals  (e.  y.,  KI,  NaCl,  KCy,  HgS) — the 
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former  being  called  oxyacid  salts,  or  oxijsaUs,  and  the  latter  haloid 
salts  (from  a/If,  als,  sea-salt,  and  eZ(5o£-,  eidos,  likeness).  Such  dis- 
tinction is  no  longer  maintained,  the  two  classes  being  merged. 
This  is  an  important  educational  gain  on  the  side  of  simplicity ;  for, 
whereas  under  the  old  system  much  time  was  necessarily  expended 
before  salts  of  a  metal  and  salts  of  the  oxide  of  that  metal  could  be 
distinguished  (e.  17.,  KI  and  KjOjSO^),  now,  all  salts  being  regarded 
as  salts  of  the  metals  themselves  (e.  (/.,  KI  and  K.^SO^),  no  such 
distinction  is  necessary. 

Reactions. 
Nitric  Acid. 

Synthetical  Reaction. — To  a  fragment  of  nitrate  of  potassium 
or  nitrate  of  sodium  in  a  test-tube  add  a  drop  or  two  of  sul- 
phuric acid,  and  warm  ;  nitric  acid  (HNO3)  is  evolved  in  vapor. 
The  fumes  may  be  condensed  by  a  bent  tube  fitted  to  the  test- 
tube,  not  by  a  cork  as  for  hydrochloric  acid — because  the  nitric 
vapors  would  strongly  act  on  it — but  by  plaster  of  Paris,  a 
paste  of  which  sets  hard  on  being  set  aside  for  a  short  time, 
and  is  unaifected  by  the  acid. 

On  a  somewhat  larger  scale  nitric  acid  may  be  prepared  by 
heating,  in  a  stoppered  or  plain  retort,  a  mixture  of  equal 
weights  of  nitrate  of  potassium  and  sulphuric  acid ;  the  acid 
distils  over,  and  acid  sulphate  of  potassium  remains  behind : — 

KNO,  -f  H,SO,  =  HNO3  -j-  KHSO, 

Nitrate  of        Snlphui  ic  Nitric  Acid  sulphate 

potassium.  acid.  a*'id.  of  putassiuni. 

Half  the  quantity  of  sulphuric  acid  may  be  taken ;  but  in  that 
case  neutral  sulphate  of  potassium  (K.^SO^)  is  produced,  which,  from 
its  hard,  slightly  soluble  character,  is  removed  with  difficulty  from 
the  retort.  On  the  manufacturing  scale  the  less  proportion  is  used ; 
but  instead  of  retorts  iron  cylinders  are  employed,  from  which  the 
residual  salt  is  removed  by  chisels.  Moreover,  the  cheaper  sodium 
salt  is  the  nitrate,  from  which  manufacturers  usually  prepare  nitric 
acid,  seven  parts  of  nitrate  of  sodium  and  four  of  sulphuric  acid 
being  employed. 

Note. — The  acid  sulphate  of  potassium  is  readily  converted  into 
neutral  sulphate  (Potas.s'ii  Sulphas,  U.  S.  P.)  by  dissolving  in  water, 
adding  carbonate  of  potassium  until  effervescence  ceases  to  occur, 
filtering,  and  setting  aside  to  crystallize. 

Pure  nitric  acid  (IINO3)  is  a  colorless  liquid,  somewhat  difficult 
of  preparation  ;  its  specific  gravity  is  1.52.  The  strongest  acid  met 
with  in  commerce  has  a  sp.  gr.  of  L5,  and  contains  93  per  cent,  of 
real  nitric  acid  (IINO3) ;  it  fumes  disagreeably,  is  unstable,  and, 
except  as  an  escharotic,  is  seldom  used.  The  tJnited  States  Phar- 
macopoeia contains  two  acids:  Acidum  Xitrioitm,  of  sp.  gr.  1.42, 
and  containing  69.4  per  cent,  of  real  acid  (HNO3) ;  and  another, 
Acidum  Niiricum  Dilutum,  sp.  gr.  1.059,  containing  10  per  cent. 
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The  stronger  liquid,  although  containing  water,  is  usually  simply 
termed  ''nitric  acid."  The  official  nitric  acid,  of  sp.  gr.  1.42,  is  a 
definite  hydrous  acid  (2lINO;„31i.p) ;  it  distils  at  250°  F.  without 
change.  If  a  weaker  acid  be  heated  it  loses  water ;  if  a  stronger 
acid  be  heated  it  loses  nitric  acid,  until  the  density  of  1.42  is  reach- 
ed. Aqua  fortis  is  an  old  name  for  nitric  acid  {Aqua  foriis  simplex, 
sp.  gr.  1.22  to  1.25;  Aqua  fortis  duplex,  1.36).  The  strength  of  a 
specimen  of  nitric  acid  is  determined  by  volumetric  analysis.  Nitric 
anhfjdride  (NjOj),  sometimes  but  erroneously  called  anhydrous  nitric 
acid,  is  a  solid  crystalline  substance  formed  on  passing  dry  chlorine 
over  dry  nitrate  of  silver.  Metals  reduce  nitric  acid  to  nitrous  acid 
and  to  the  various  oxides  of  nitrogen,  or  even  to  nitrogen  itself,  ac- 
cording to  the  strength  of  acid,  temperature,  and  amount  of  nitrate 
present.  Not  unfrequently  nitrate  of  ammonium  is  simultaneously 
iormed.    Thus,  with  zinc  : — 

IOIINO3  +  2Zn2  =  4(Zn2N03)  +  NH.NO^  +  311^0. 

Aqua  Begia. — Four  parts  of  nitric  acid  and  fifteen  of  hydrochloric 
acid  by  weight  form  the  Acidum  Kitrohi/drorhloricuin,  U.  S.  P.,  and 
the  same  weights  with  76  of  water,  give  the  Acidum  Nitrohydro- 
chloricuni  Dilutum. 

2IINO3    +    6HC1   =   N.,0.,C1,?   +    4H,0    +  Cl^ 

Nitric  acid.      Hydrochloric       Qiloroiiitric  "Water.  Cliloriue. 

acid.  gas. 

In  the  later  stages  of  the  reaction,  the* decomposition  expressed  in 
the  following  equation  also  probably  occurs : — 

UNO,    +    3IIC1   =   NOCl    +    211,0    +  Cl^ 

Nitric  acid.       Hydrocliloric     Cliloronitrous        Water.  Chlorine, 
acid.  gas. 

The  same  reaction  occurs  if  the  acids  are  mixed  after  dilution,  but 
is  not  complete  for  a  week  or  a  fortnight  (Tilden).  The  undiluted 
mixture  of  acids  is  known  as  aqua  regia,  so  called  from  its  property 
of  dissolving  gold,  "the  king"  of  metals. 

This  "diluted  nitrohydrochloric  acid"  is  quite  strong  enough  to 
attack  organic  matter,  with  evolution  of  nitrous  gases,  hence  should 
not  be  dispensed  with  tinctures,  etc.,  in  too  concentrated  a  form. 

Analytical  Reactions  (  Tesfn). 

First  Anahjtical  Reaction. — To  a  solution  of  any  nitrate 
(c.  g.,  KNO3)  add  sulphuric  acid,  and  then  copper  turnings,  and 
warm ;  colorless  nitric  oxide  gas  (NO)  is  evolved,  which  Eit 
once  unites  with  the  oxygen  in  the  tube,  giving  red  fumes  of 
nitric  peroxide  or  peroxide  of  nitrogen  (NOj). 

2KNO3  +  5IT,S0,  +  Cu,,  =  2N0  +  3CuS0,  +  411,0  +  2KHS0, ; 
then,    2NO  +  02=:2N02. 

Performed  on  a  larger  scale,  in  a  vessel  to  which  a  delivery-tube 
attached,  the  reaction  of  nitric  acid  on  copper  becomes  of  synthetr 
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ical  in  barest,  being  the  process  for  the  preparation  of  nitric  oxide  gas 
for  the  purposes  of  chemical  experiment. 

Small  amounts  of  a  nitrate  may  be  overlooked  by  this  test,  the 
color  of  the  red  fumes  not  being  veiy  intense. 

Undiluted  nitric  acid  poured  on  to  copper  turnings  gives  dense  red 
vapors  of  nitrous  acid  (UNO.,),  nitrous  anhydride  (NjOj),  nitric 
peroxide  (NO2),  nitric  oxide  (NO),  and  even  nitrogen  (NJ,  the  re- 
action varying  somewhat  according  to  the  temperature  of  the  mix- 
ture and  (Ackworth)  the  amount  of  nitrate  of  copper  in  solution. 
Diluted  nitric  acid  gives  nitric  oxide,  Cuj  +  8HNO3  =  3(Cu2NO 
-f  411^0  +  2N0. 

Second  Analytical  Reaction. — To  a  cold  solution  of  the  ni- 
trate, even  if  very  dilute,  add  three  or  four  crystals  of  sul- 
phate of  iron,  shake  gently  for  a  minute  in  order  that  some  of 
the  sulphate  may  become  dissolved,  and  then  pour  eight  or  ten 
drops  of  strong  sulphuric  acid  down  the  side  of  the  test-tube, 
so  that  it  may  form  a  layer  at  tlie  bottom  of  the  vessel  ;  a 
reddi>sh-purple  or  black  coloration  will  appear  between  the  acid 
and  the  supernatant  liquid. 

This  is  a  very  delicate  test  for  the  presence  of  nitrates.  The  black  • 
color  is  due  to  a  solution  or,  perhaps,  combination  of  nitric  oxide 
with  a  portion  of  the  ferrous  salt.  The  nitric  oxide  is  liberated 
from  the  nitrate  by  the  reducing  action  of  the  hydrogen  of  the 
sulphuric  acid,  the  sulphuric  radical  of  which  is  absorbed  by  the 
ferrous  sulphate,  the  latter  salt  becoming  ferric  sulphate. 


2HNO3  +  3II,S0,  +  6FeS0,  =  411^0  +  3(Fe23SO,,)  +  2N0. 


The  process  of  oxidation  is  one  frequently  employed  in  experi- 
mental chemistry  ;  and  nitrates,  from  their  richness  in  oxygen,  but 
more  especially  because  always  at  hand,  are  the  oxidizers  usually 
selected  for  the  purpose.  In  the  opei-ation  they  generally  split  up  in 
one  way,  namely,  into  oxide  of  their  basylous  radical,  nitric  oxide 
gas,  and  available  oxygen.  Thus  hydrogen  nitrate  (nitric  acid) 
yields  oxide  of  hydrogen  (water)  and  the  other  bodies  mentioned, 
as  shown  in  the  following  equation : — 


When  nitrates,  other  than  nitric  acid,  are  used  for  the  purpose  of 
oxidation,  a  stronger  acid,  generally  sulphuric,  is  commonly  added  in 
order  that  nitric  acid  may  be  formed  ;  tlae  h^'drogen  nitrate  .splitting 
up  more  readily  than  other  nitrates. 

The  five  oxides  of  nitrogen  have  now  been  mentioned,  namely — 


4IINO3  =  2\\0  +  4N0  +  3O2. 


Nitrous  oxide  .  . 
Nitric  oxide*  .  . 
Nitrous  anhydride 
Nitric  peroxide*  . 
Nitric  anhydride  . 


.  N,0  1 
.  NO 
.  N.,03 


or 


*  The  specific  gravities  of  these  gases  indicate  that  NO  and  NOj  are 
the  con-ect  ibrmulse,  and  not  NjO^  and  N2O4. 


NITRATES. 


287 


Nitrous  oxide  is  a  colorless  g.as  not  altered  by  exposure  to  air ; 
nitric  oxide  is  also  colorless,  but  gives  red  fumes  in  the  air  ;  nitrous 
anhydride  is  a  red  vapor  condensible  to  a  blue  liquid  ;  nitric  peroxide 
is  a  red  vapor  condensible  to  an  orange  liquid  ;  nitric  anhydride  is  a 
colorless  crystalline  solid.  The  two  anhydrides  hy  absorbing  water 
yield  respectively  nitrous  acid  (IINO2)  and  nitric  acid  (IINO3). 
Nitrous  oxide  is  also  probably  an  anhydride,  the  acid  of  which  would 
doubtless  have  the  formula  IINO,  while  the  silver  and  sodium  salts 
certainly  have  the  formulas  AgNO  and  NaNOjSIIjO  (Divers  ;  Menke). 
The  above  series  of  compounds  forms  a  good  illustration  of  the  doc- 
trine of  multiple  proportions  (p.  50). 

Thirii  Analyfical  Reactiov. — Direct  the  blowpipe-flame  on 
to  charcoal  until  a  spot  is  red  hot ;  now  place  on  the  spot  a 
fragment  of  nitrate ;  deflagration  ensues. 

This  reaction  does  not  distinguish  nitrates  from  chlorates.  It  is 
insufficient  for  the  recognition  of  very  small  quantities  of  either  class 
of  salts,  especially  when  they  are  mixed  with  other  substances. 

Giuipowder  is  an  intimate  mechanical  mixture  of  75  parts  of  nitre, 
15  to  I'lh  parts  of  charcoal,  and  10  to  12j  parts  of  sulphur.  In  burn- 
ing it  may  be  said  to  give  sulphide  of  potassium  (the  white  smoke), 
(K,S),  nitrogen  (N),  carbonic  oxide  (OO),  and  carbonic  acid  (CO.J 
gases,  though  the  decomposition  is  seldom  complete.  The  sudden 
production  of  a  large  quantity  of  heated  cas  from  a  small  quantity  of 
a  cold  solid  is  sufficient  to  account  for  all  the  effects  of  gunpowder. 

Fourth  Analytical  Reaction. — To  nitric  acid  or  other  nitrate 
add  solution  of  "  sulphate  of  indigo  ; "  the  color  is  discharged. 

Test- Solution  of  Indigo.  TJ.  S.  P.  (Sulphindylic  or  Sulphindigotic 
acid),  is  made  by  digesting  1  part  of  dry,  finely  powdered  indigo  in 
12  parts  of  strong  sulphuric  acid  in  a  test-tube  for  an  hour,  the 
mixture  being  kept  hot  by  a  water-bath ;  the  blue  liquid  is  then 
poured  into  500  parts  of  sulphuric  acid,  the  whole  well  shaken,  set 
aside,  and  the  clear  liquid  decanted.  Free  chlorine  also  destroys 
the  color  of  this  reagent. 

Indif/o,  U.  S.  P.  (CgHjNO),  is  a  blue  coloring-matter  deposited 
when  infusion  of  various  species  of  Tnilif/nfera  is  exposed  to  air  and 
slight  warmth.  Under  these  circumstances  indican,  a  yellow  trans- 
parent amorphous  su})stancc,  soluble  in  water,  breaks  up  into  indigo, 
which  is  insoluble  and  falls  as  a  sediment,  and  a  sort  of  sugar  tci-med 
indighicin.  The  indigo  is  collected,  drained,  pressed,  and  dried. 
By  action  of  deoxidizing  agents  indigo  is  converted  into  soluble 
colorless  indir/or/m,  7-edii.ced  indigo  or  loiiite  indigo  (C^HgNO) ;  I 
part  of  powdered  indigo,  2  of  green  sulphate  of  iron,  3  of  slaked 
lime,  and  200  of  water,  shaken  together  and  set  aside  in  a  well- 
closed  bottle,  give  this  colorless  indigo.  A  piece  of  yarn,  calico,  or 
similar  fabric  dipped  into  such  a  solution,  and  exposed  to  air,  be- 
comes dyed  blue,  deposition  of  insoluble  indigo-liluo  occurring 
within  the  cells  and  vessels  of  the  fibre.  This  operation  is  rea<lily 
performed  on  the  small  scale,  and  forms  a  good  illustration  of  the 
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characteristic  feature  of  the  art  of  dycinf!;,  namely,  the  introduction 
of  soluble  coloring-matter  into  a  fabric  by  permeation  of  the  walls 
of  its  cellular  and  vascular  tissue,  and  the  imprisonment  of  that 
coloring-matter  by  conversion  into  a  solid  and  insoluble  form  {cide 
also  p.  137). 

Pure  indigo,  or  indigotin,  may  he  ol)taincd  in  beautiful  needles  by 
spreading  a  paste  of  indigo  and  plaster  of  Paris  on  a  tin  plate,  and 
when  dry  placing  a  lamp  underneath,  moving  the  latter  from  place 
to  place  as  the  indigo  sublimes  and  condenses  on  the  surface  of  the 
plaster.  It  may  also  be  obtained  in  crystals  by  gently  boiling  finely' 
powdered  indigo  with  aniline,  filtering  while  hot,  and  setting  aside ; 
these  crystals  may  be  washed  with  alcohol.  Hot  paraffin  may  be 
employed  instead  of  aniline.  It  is  possible  to  obtain  indigotin  arti- 
ficially ;  indeed  Baeyer  relates  that  indigo  can  be  made  economically 
from  benzol,  this  being  first  converted  into  isatine  chloride. 

Distinction  between  Nitric  Acid  and  other  Nitrates. — Pi-esence  of 
the  nitric  radical  in  a  solution  having  been  jiroved  by  the  above  re- 
actions, its  occurrence  as  the  nitrate  of  a  metal  is  demonstrated  by 
the  neutral,  or  nearly  neutral,  deportment  of  the  liquid  with  test- 
paper  and  the  detection  of  the  metal,  its  occurrence  as  nitric  acid 
by  the  sourness  of  the  liquor  to  the  taste  and  the  effervescence  pro- 
duced on  the  addition  of  a  carbonate. 

Antidote. — In  cases  of  poisoning  by  strong  nitric  acid,  solution  of 
carbonate  of  sodium  (common  washing  soda)  or  a  mixture  of  mag- 
nesia and  water  may  be  administered  as  antidotes. 


QUESTIONS  AND  EXERCISES. 

444.  Trace  the  origin  of  nitrates. 

445.  In  what  does  cubic  nitre  differ,  chemically,  from  prismatic 
nitre  ? 

446.  Describe  a  process  by  which  nitrate  of  potassium  may  be 
obtained  artificially. 

447.  State  the  difference  between  nitrate  of  potassium,  nitre,  salt- 
petre, and  sal  prunella. 

448.  What  group  of  elements  is  characteristic  of  all  nitrates?  and 
what  claim  has  this  group  to  the  title  of  radical? 

449.  Mention  the  usual  theory  regarding  the  manner  in  which 
atoms  are  arranged  with  reference  to  each  otlier  in  such  salts  as 
nitrate  of  potassium. 

450.  How  is  Nitric  Acid  prepared? 

451.  Give  the  properties  of  nitric  acid. 

452.  What  reactions  occur  when  strong  nitric  and  hydrochloric 
acids  are  mixed  ? 

453.  How  is  nitric  oxide  pi-epared  ? 

454.  Enumerate  and  explain  the  tests  for  nitrates. 

455.  Into  what  substances  does  nitric  acid  usually  split  when  em- 
ployed as  an  oxidizing  agent? 

456.  How  is  nitrous  oxide  ^oroparcd? 

457.  Enumerate  the  five  oxides  of  nitrogen. 
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458.  Wliiit  is  the  nature  of  gunpowder? 

459.  Write  a  few  sentences  on  the  chemistry  of  indigo,  one  of  the 
tests  for  nitric  acid. 

460.  How  is  nitric  acid  distinguished  from  other  nitrates  ? 

461.  What  quantity  of  cubic  nitre  will  be  required  to  produce  ten 
carboys  of  official  nitric  acid,  each  containing  114  pounds? — Ans. 
10765  pounds. 

CHLORIC  ACID  AND  OTHER  CHLORATES. 

Formula  of  Chloric  Acid  HCIO3.    Molecular  weight  84.4. 
Chlorates  are  made  from  hypochlorites. 

Hypochlorous  Acid  (IICIO)  and  other  Hypochlorites. 

Place  a  few  grains  of  red  oxide  of  mercury  in  a  test-tube, 
half  fill  the  tube  with  chlorine-water,  and  well  shake  the  mix- 
ture ;  the  resulting  liquid  is  a  solution  of  hypochlorous  acid, 
mercuric  oxychloride  remaining  undissolved  : 

2HgO  -f  2C1,  +  H,0  =  HCIO  +  Hg,OCl,. 

By  the  metathesis  (double  decomposition)  of  hypochlorous 
acid  and  oxides  or  hydrates,  other  pure  hypochlorites  are 
formed  : — 

HCIO    +    NaHO   =   NaClO    +  H^O. 

The  direct  action  of  chlorine  on  metallic  hydrates  and  some 
carbonates  is  supposed  to  give  a  mixture  of  chloride  and  hypo- 
chlorite, as  described  in  connection  with  the  synthetical  reac- 
tions of  Calcium  (p.  Ill,  Calx  Chlorafa,  U.  S.  P.) 

CI2  +  2NaH0  =:  NaCl,NaC10  -f-  H.,0 ; 
2CI2  +  2CaH,0,  -  CaCl2,Ca2C10  +  2H,0. 
The  condition  of  chlorides  in  these  bodies  is  not  satisfactorily 
made  out ;  so  that  their  constitution  is  not  definitely  deter- 
mined. The  action  of  acids  on  them  results  in  the  evolution 
of  chlorine  ;  hence  the  great  value  of  the  calcium  compound 
(chlorinated  lime,  or  chloride  of  lime)  in  bleaching  opera- 
tions : — 

CaCl,,Ca2C10  +  2H,S0,  =  2C1,  +  2CaS04  +  2H,0. 
The  solubility  of  hypochlorites  in  water,  their  peculiar  odor, 
greatly  intensified  on  the  addition  of  acid,  and  their  bleaching 
powers  (.see  the  above  Calcium  reaction)  are  the  characters  on 
which  to  rely  in  searching  for  hypochlorites. 

Chlorates. 

The  group  of  elementary  atoms  represented  hy  the  formula  CIO;, 
is  that  characteristic  of  chloric  acid  and  all  other  chlorates;  hence  it 
26 
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is  expedient  to  regard  it  as  being  an  acidulous  radical,  which  may  he 
termed  the  chloric  radical.  Like  the  nitric  radical,  it  has  not  been 
isolated.  Chloric  anhydride  (CI.Pj),  unlike  nitric  anhydride,  has  not 
yet  been  obtained  in  the  free  condition. 

Chlorates  are  artificial  salts.  They  are  formed  by  simply  boiling 
aqueous  solution  of  the  common  bleaching  salts  (chlorinated  lime, 
chlorinated  soda,  chlorinated  potash).    Heat  thus  converts 


3(NaCl,  NaClO) 

Chlorinated  soda. 


into 


3(KC1,  KCIO)  ) 

Chlorinated  V  into 

putusli.  I 

3(CaCl2,  Ca2C10)  | 

Clilnriuated  V  into 

lime.  1 


NaClOj 

Chlorate  of 
sodium. 

KCIO3 

Chlol•at^ 
of  potassium. 

Ca2C103 

Chlorate  of 
calcium. 


and 


and 


and 


5NaCl 

Chloride  of 
sodium. 

5KC1 

Cliloride  of 
potassium. 

SCaClj 

Chloride  of 
calcium. 


One  chlorate  may  also  be  made  from  another  by  double  decomposi- 
tion. In  making  chlorates  economically  the  chlorinated  salt  is,  of 
course,  at  once  converted  into  chlorate. 

Chlorate  of  Potassium. 

Thus  Chlorate  of  Potassium  {Pnfaxm  Chloras,  U.  S.  P.)  .is 
commercially  made  by  saturating  with  chlorine  gas  a  moistened 
mixture  of  three  parts  of  chloride  of  potassium  and  ten  of 
slaked  lime,  and  well  boiling  the  product.  Chlorinated  lime  is 
first  formed  ;  this,  on  continued  boiling  with  water,  splits  up 
into  chloride  of  calcium  and  chlorate  of  calcium,  and  the  latter, 
reacting  on  the  chloride  of  potassium,  yields  chloride  of  calcium 
and  chlorate  of  j^otassium. 

6(Ca2HO)  +  6CI2  =  3(CaCl.„Ca2C10)  +  6H..0 ; 
3(CaCl.„Ca2C10)  =  Ca2C103  +  5CaCl., ; 
Ca2C103  +  2KC1  =  CaCl,  +  2KCIO3. 

This  operation  may  be  conducted  on  a  small  scale  by  rubbing 
together  in  a  mortar  the  above  proportions  of  ingredients  in 
ounces  or  half  ounces,  adding  enough  water  to  make  the  whole 
assume  the  character  of  damp  lumps,  placing  the  porous  ma.ss 
in  a  funnel  (loosely  plugged  with  stones  or  pieces  of  glass), 
and  passing  chlorine  gas  (p.  27)  through  the  mass  by  attaching 
the  tube  delivering  the  gas  to  the  neck  of  the  funnel.  When 
the  whole  mass  has  become  of  a  slight  pink  tint  (due  to  a  trace 
of  permanganate),  it  should  be  turned  into  a  dish,  wen  boiled 
with  water,  filtered,  the  filtrate  evaporated  if  necessary,  and 
set  aside ;  the  chlorate  of  potassium  crystallizes  out  in  color- 
less rhoniboidal  plates,  chloride  of  calcium  remaining  in  the 
niuther-li(|iior. 
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In  the  official  process  carlioriiito  of  potassium,  instead  of  chloride, 
is  used  ;  hut  otherwise  it  is  similar  to  the  method  just  described. 
Chlorinated  potash  and  chlorinated  lime  are  first  formed  : — 

K.,C03  +  Ca2II0  +  C\  =  KC1,KC10  +  CaCO,  +  11,0, 
0(Ca211O)  +  6Clj  =-  3(CaCl2,Ca2C10)  +  611^0 ; 

these,  on  boiling  with  water,  split  up  into  chlorates  and  chlorides — 

3(KC1,KC10)         KCIO3    +  5KC1, 
3(CaCl2,Ca2C10)  =  Ca2C103  +    SCaCI, ; 

the  whole  of  the  chloride  of  potassium  and  chlorate  of  calcium  finally 
ielding  chlorate  of  potassium  and  chloride  of  calcium — 

2KC1  +  Ca2C103  =  CaClj  +  2KCIO3. 

Neglecting  intermediate  decomposition,  the  reactions  may  be  repre- 
ented  by  the  following  equation  : 

m.,    +    K2CO3    +    eCallA    =    2KCIO3    +  CaC03 

Chloriue.        Carlioiiate  of         Ilytlrate  of  Chlorate  of        Carbonate  of 

potassium.  calcium.  potassium.  calcium. 

+    oCaCl.,    +  6H2O 

Chloride  of  Water, 
calcium. 

Chlorate  of  Sodium  (Sodii  Chloras,  U.S.P.),  NaC103,  is  similarly 
repared. 

Chlorate  of  potassium  is  soluble  in  water  to  the  extent  of  6  or  7 
arts  in  100  at  common  temperatures.  It  must  on  no  account  be 
ub))cd  with  sulphur  in  a  mortar  or  otherwise,  friction  of  such  a 
isture  resulting  in  violent  explosion. 

Chlorate  of  potassium,  when  heated,  yields  chloride  of  potassium 
and  oxygen,  and  is  the  salt  commonly  employed  in  the  preparation 
of  the  gas  for  experimental  purposes.  But  if  the  action  be  arrested 
when  one-third  of  the  oxygen  has  escaped,  the  residual  salt  is  found 
to  contain  perchlorate  of  potassium  (KCIO4) : — 

2KCIO3  =  KCIO,  +  KCl  +  0,. 

Po-chloric  Acid  (HCIO4). — Crude  perchlorate  of  potassium,  ob- 
tainc'd  as  just  indicated,  is  boiled  (in  a  fume-cupboard)  with  hydro- 
chloric acid  to  decompose  any  chlorate  that  may  be  remaining,  and 
then  separated  from  chloride  l)y  washing  and  crystallization,  chloride 
being  far  more  soluble  in  water  than  tlu;  perchlorate.  Perchloric 
acid  is  then  obtained  by  distilling  the  pei-chforate  of  [)otassium  with 
sulphuric  acid  ;  it  is  quite  stable,  and  is  occasionally  administered  in 
medicine. 

Chloric  Add  (IICIO,)  may  be  isolated,  but  is  unstable,  quickly 
decomposing  into  chlorine,  oxygen,  and  perchloric  acid  ;  some  other 
chlorate  (f^.  f/.,  KCIO3)  therefore  be  used  in  studying  the  reac- 

tions of  the  chloric  radical. 
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Table  of  the  C'hlo, 


■ine  Acids. 


Hydrochloric  acid  . 

Ilypochlorous  acid  . 

Chlorous  acid  .    .  . 

Chloric  acid  .  .  . 
Perchloric  acid  . 


IICI. 

HCIO. 

IICIO^. 

HCIO3. 

HCIO,. 


The  chloric  radical  is  univalent  (CIO3).  The  acidulous  radicals 
of  the  other  chlorine  acids  are  also  univalent,  as  indicated  in  the 
foregoing  formulae. 


First  Analytical  Reaction. — To  solution  of  a  chlorate  (^c.  y., 
chlorate  of  potassium)  add  solution  of  nitrate  of  silver ;  no  pre- 
cipitate falls,  showing  that  the  chlorine  must  be  performing 
different  functions  from  those  it  possesses  in  chlorides.  Evap- 
orate the  solution  to  dryness,  and  place  the  residue  in  a  small 
dry  test-tube,  or  at  once  drop  a  fragment  of  a  chlorate  into  a 
test-tube,  and  heat  strongly  ;  oxygen  is  evolved,  and  may  be 
recognized  by  its  power  of  re-inflaming  an  incandescent  match 
inserted  in  the  tube.  Boil  the  residue  with  water,  and  again 
add  solution  of  nitrate  of  silver;  a  white  precipitate  falls,  hav- 
ing all  the  characters  of  chloride  of  silver,  as  described  under 
Hydrochloric  Acid. 

This  is  a  trustworthy  test,  and,  even  omitting  the  recognition  of 
the  oxygen,  may  be  applied  in  the  detection  of  small  quantities  of 
chlorates. 

Second  Analytical  Reaction. — To  a  fragment  of  a  chlorate 
add  two  or  thi"ee  drops  of  strong  sulphuric  acid ;  an  explosive 
gas  (ClaOi)  is  evolved,  somewhat  resembling  chlorine  in  odor, 
but  possessing  a  deeper  color  than  that  element. 


3KCIO3  +  H2SO4  =  C1,0,  +  KCIO4  -f  K.,SO,  +  H.,0. 


Warm  the  upper  part  of  the  test-tube  to  150°  or  200°  F.,  or 
introduce  a  hot  wire  ;  a  sharp  explosion  ensues,  due  to  decom- 
position of  the  gas,  peroxide  of  chlorine,  into  its  elements. 

Third  Analytical  Reaction. — Heat  a  small  fragment  of  a 
chlorate  with  hydrochloric  acid :  a  yellowish-green  explosive 
gas  termed  euchlorine  is  evolved.  Its  color  is  deeper  than  that 
of  chlorine,  hence  the  name  (from  eS,  eu,  well,  and  yjMpo^^ 
chluros,  green).  In  odor  it  resembles  chlorine,  and  is  probably 
a  mixture  of  that  element  with  one  of  the  oxides  of  chlorine. 

Fourth  Analytical  Reaction. — Direct  the  blowpipe-flame  on 
to  charcoal  until  a  spot  is  red  hot,  and  then  place  on  the  spot 
a  fragment  of  a  chlorate ;  deflagration  ensues  as  with  nitrates. 


Analytical  Reactions  (  Tests'). 
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Bromates, 

Broinates  are  salts  closely  roseiuhling  chlorates  and  iodatcs.  Tlio 
lonnuhi  of  IJroniic  Acid  is  llBrOj. 

lodates.  . 

Iodic  Acid  (IIIOj). — Iodine  is  l)oiled  in  a  flask  with  five  times  its 
weight  of  the  strongest  nitric  acid  (sp.  gr.  1.5),  in  a  fume-cupboard, 
until  all  action  ceases.  On  cooling,  iodic  acid  separates  in  small 
pyramidal  crystals.  These  ai"e  removed,  the  residual  liquid  evapor- 
ated to  dryness  to  remove  excess  of  nitric  acid,  the  residue  and  the 
Urst  crop  dissolved  in  a  small  quantity  of  boiling  water,  and  the 
solution  set  aside  to  crystallize. 

lodate  of  Potassium  (KlOg). — Powder  together  equal  weights  of 
iodine  and  chlorate  of  potassium  ;  to  the  mixture  add  twice  its  weight 
of  water  and  about  one-eighth  of  its  weight  of  nitric  acid  ;  warm  the 
whole  until  iodine  disappears,  and  evaporate  quite  to  dryness  over  a 
water-bath.  The  residue  dissolved  in  water  forms  "  Solution  of 
lodate  of  Potash,"  B.  P.    It  contains  a  little  nitrate  of  potassium. 

In  this' reaction  the  small  quantity  of  nitric  acid  furnishes  corre- 
sponding amounts  of  nitrate  of  potassium  and  chloric  acid.  The 
chloric  acid  with  iodine  gives  iodic  acid  and  chlorine,  thus : — 

2HCIO3  +  Ij  =  2IIIO3  H-  CI,. 

The  iodic  acid  and  some  chlorate  of  potassium  then  yield  chloric  acid 
and  iodate  of  potassium — 

HIO3  -f  KCIO3  =  HCIO3  -f  KIO3  ; 

and  the  two  reactions  alternate  until  the  whole  of  the  iodine  has  dis- 
placed the  whole  of  the  chlorine. 

lodate  of  potassium  and  sulphurous  acid  decompose  each  other 
with  elimination  of  iodine  (or  with  formation  of  a  liluo  color,  if  starch 
be  present.)  Sulphurous  acid  occurring  as  an  impurity  in  acetic  and 
other  acids  may  thus  be  detected. 

2KIO3  +  5II5SO3  =  I,  -f  3II2SO,  +  2KHS0,  +  11,0. 

If  iodic  acid  solution  be  mixed  with  mucilage  of  starch,  and  solu- 
tion of  sulphuretted  hydrogen  be  added,  a  blue  zone  is  formed  at  the 
junction  of  the  liquids. 

Ferric  iodate,  or  rather  Oxi/iodate  (Fe204I03,8II.p),  is  precipi- 
tated on  adding  solution  of  ferric  chloride  to  solution  of  iodate  of 
potassium. 


QUESTIONS  AND  EXERCISES. 

4f)2.  How  may  hypochlorous  acid  be  formed  ? 
4fi.3.  What  are  the  relations  of  hypochlorous  acid  to  common 
bleaching-powder  ? 
4(14.  By  what  reaction  is  chlorine  eliminated  from  hypochlorites? 
4().').  State  the  general  reaction  by  which  <;hlorates  are  formed. 
406.  Give  details  of  the  prtsparation  of  chlorate  of  pcjtassium. 
25  * 
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4G7.  Muntion  the  propertitts  of  chlorate  of  potassium. 

468.  What  docompositions  occur  wlieu  chlorate  of  potassium  is 
heated  ? 

469.  Find  the  molecular  weight  of  chlorate  of  potassium. 

470.  What  weight  of  oxygen  is  yielded  when  1  oz.  of  chlorate  of 
potassium  is  completely  decomposed,  and  how  much  chloride  of 
potassium  remains? 

471.  One  hundred  cubic  inches  of  oxygen,  at  60°  F.  and  barometer 
at  30  inches,  weighing  34.203  grains,  and  1  gallon  containing  277} 
cubic  inches,  what  weight  of  chlorate  of  potassium  will  be  required 
to  yield  10  gallons  of  the  gas?    Ans.  5j  ounces. 

472.  How  many  cubic  inches  of  oxygen  are  producible  from  1  oz. 
of  chlorate  of  potassium  ? 

473.  Calculate  the  weight  of  chlorate  of  potassium  theoretically 
obtainable  from  100  parts  of  chloride. 

474.  How  is  perchloric  acid  prepared  ? 

475.  Enumerate  the  chlorine  acids. 

476.  How  may  the  presence  of  chlorides  in  chlorates  be  demon- 
strated ? 

477.  Mention  the  tests  for  chlorates. 

478.  Give  the  formula  of  peroxide  of  chlorine. 

479.  What  is  euchlorine  ? 

480.  How  may  iodic  acid  be  made  ? 

481.  Describe  the  preparation  of  iodate  of  potassium. 


ACETIC  ACID  AND  OTHER  ACETATES. 

Formula  of  Acetic  Acid  HC2II3O2,  or  HA.    Molecular  weight  60. 

Source. — Acetic  acid  is  said  to  occur  naturally  in  certain  plant 
juices  and  animal  fluids  in  minute  proportions,  but  otherwise  is  an 
artificial  product.  Much  is  furnished  by  the  destructive  distillation 
of  wood,  hence  the  term  pyroligneous  acid  for  the  crude  product,  a 
hybrid  word  from  Trvp,  pur,  fire,  and  lignum,  wood.  This  impure 
product,  neutralized  by  carbonate  of  sodium,  the  whole  evaporated, 
and  the  residue  gently  heated  to  drive  olf  the  volatile  tarry  matters, 
gives  acetate  of  sodium,  which  after  recrystallization  furnishes  by 
distillation  with  oil  of  vitriol  and  water  acetic  acid  in  a  fair  state  of 
purity.  In  Germany  and  France  large  quantities  of  acetic  acid  arc 
made  by  the  spontaneous  oxidation  of  the  alcohol  in  inferior  wines, 
in  the  presence,  according  to  Pasteur,  of  a  plant-ferment  termed 
Mi/coderma  aceti  (the  Bacterium  mi/codermi  of  Colin) ;  hence  the 
white-  and  red-wine  vinegar  {vinegar,  from  the  French  viii,  wine,  and 
aigre,  sour).  Indeed  this  bacterium  may  ])C  propagated,  and  the 
artificial  manufacture  of  vinegar  from  alcohol  and  water  be  carried 
out,  by  its  acid,  on  a  large  scale.  In  England  also  the  domestic 
form  of  acetic  acid  (brown  vinegar)  has  a  similar  origin  :  infusion  of 
malt  and  unmalted  grain  is  fermented,  and  the  resulting  oxidation 
of  its  sugar,  instead  of  being  arrested  when  the  product  is  an  alco- 
holic liquid,  a  sort  of  beer,  is  allowed  to  go  on  to  the  next  stage, 
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acetic  acid ;  it  usually  contains  from  3  to  G  per  cent,  of  real  acetic 
acid  (IICJIjO.,). 

Vinegars. — Ordinary  brown  vinegar  contains  about  5J  per  cent, 
of  acid.  The  so-called  Vinegar  of  Cantharides  {Acettim  Cantharidis, 
B.  P.)  is  a  solution  of  the  active  principle  of  cantharides  in  very 
strong  acetic  acid,  not  in  vinegar.  The  Vinegar  of  Squill  {Acetiim 
Scillce,  U.  S.  P.)  is  also  a  solution  of  the  active  principle  of  squill  in 
dilute  acetic  acid,  not  in  true  vinegar.  The  same  may  be  said  of 
Acetum  Lobelia;,  U.  S.  P.,  and  Acetuin  Sanguinarice,  U.  S.  P.  (Vin- 
egar of  Blood-root).  The  Acetum  Opii,  U.  S.  P.,  or  Black  Drop  of 
America,  is  made  from  nutmeg,  saffron,  and  sugar,  as  well  as  Opium 
and  Diluted  Acetic  Acid. 

The  Acetic  Radical. — The  group  of  elements  represented  by  the 
formula  C.^lLjOj  is  that  characteristic  of  acetic  acid  and  other  ace- 
tates, and  may,  for  convenience  of  study,  be  assumed  to  be  an  acid- 
ulous univalent  radical.  It  has  not  been  isolated,  unless  indeed  a 
compound  of  similar  composition,  resulting  from  the  action  of  perox- 
ide of  barium  on  acetic  anhydride,  is  the  radical  in  question. 

Acetyl. — The  characteristic  grouping  in  acetates,  C0II3O2,  is  fre- 
quently considered  to  contain,  rather  than  to  be,  a  radical — -CjHjO, 
termed  acetyl.  Acetates  yield  a  body  having  the  composition 
CjHgOCl,  which  is  regarded  as  chloride  of  acetyl ;  from  this  may  be 
obtained  acetic  anhydride  (C^IIgOj),  which  by  absorbing  water  be- 
comes acetic  acid. 

c,Ti,o|     c,ir,o)Q     cjigOiQ  c.HgOio 

Cliloi  kle  of  Acetic  Acetic  acid.  SIctallic 

acetyl.  aaliydiide.  acetates. 

The  relation  of  acetic  acid  to  alcohol  will  be  evident  from  the  fol- 
lowing equation  representing  empirically  the  formation  of  the  acid : — 

C,II,0  +  0.,  =  C.,H,0,  +  II.,0. 

Alcohol.  Acetic  acid. 

Acetates  in  aqueous  solution  are  liable  to  decomposition.  In  solu- 
tion of  acetate  of  morphine  a  myceloid  growth  occasionally  forms, 
acetic  acid  disappears,  and  morphine  is  deposited.  Solution  of  ace- 
tate of  ammonium  is  liable  to  a  similar  change,  gradually  becoming 
alkaline. 

Si/iithetiral  Reaction. 

Acetic  Acid. 

Sijnilietical  Reaction. — To  a  few  grain.s  of  acetate  of  .sodium 
in  a  test-tube  add  a  little  water  and  some  .sulphuric  acid,  and 
heat  the  mi,Kture ;  acetic  acid  is  evolved,  and  may  be  con- 
densed by  a  bent  tube  adapted  to  the  test-tube  by  a  cork  in  tbe 
usual  way. 

Acetic  Acid. — This  is  the  process  by  which  acetate  of  sodium  or 
calcium  (the  neutralized  products  of  the  distillation  of  wood)  is  made 
to  yield  acetic  acid  on  tlu^  large  scale.    As  with  nitric  and  hydro- 
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chloric  acids,  the  loose  term  "acetic  acid"  is  that  usually  applied  to 
aqueous  solutions  of  acetic  acid.  The  Acidum  Acdicum,  U.  S.  P., 
contains  30  per  cent,  of  real  acid,  that  is,  of  IICJI-jO.^;  for  it  con- 
tains only  SO.C)  per  cent,  of  areiic  anhydrule  (C^llf^O.j) — still  occa- 
sionally though  somewhat  obscurely  termed  an/u/drous  acetic  acid. 
Its  specific  gravity  is  1.048.  Acidum  Aceiicum  Dilutum,  U.  S.  P., 
contains  6  per  cent,  of  HC^irjOj-  '^P-  Si"-  1-0083.  Glacial  acetic 
acid  (HCjII.jOj)  contains  no  water.  It  solidifies  to  a  ci-ystalline  mass 
at  and  below  15°  C.  (59°  F.),  hence  the  appellation  glacial  (from  gla- 
des, ice).  Sp.  gr.  from  L055  to  1.058.  Good  commercial  glacial 
acetic  acid  [Acidum  Aceiicum  Glaciate,  U.  S.  P.)  does  not  contain 
more  than  1  per  cent,  of  water,  corresponding  to  84.15  per  cent,  of 
acetic  anhydride.  Although  water  is  lighter  than  this  acetic  acid, 
yet  the  addition  of  water  at  first  renders  the  acid  heavier ;  evidently 
therefore  condensation,  or  contraction  in  bulk,  occurs  on  mixing  the 
liquids :  after  10  per  cent,  has  been  added,  the  addition  of  more 
water  produces  the  usual  effect  of  dilution  of  a  heavy  liquid  by  a 
lighter,  namely,  reduction  of  relative  weight.  This  matter  will  be 
better  understood  after  the  subject  of  specific  gravity  has  been 
studied. 

The  following  equation  is  expressive  of  the  foregoing  reaction  : — 
NaC^HjOj    +    H,SO^    =    IIC^HA    +  NaHSO^ 

Acetate  of  Sulplniric  Acetic  acid.  Acid  sulphate 

sodium.  acid.  of  sodium. 

or,  assuming  the  existence  of  acetyl  (C2H3O)  in  acetic  acid,  and  a 
corresponding  radical  sulphuryl  (SO.J  in  sulphuric  acid — 

Na|^+  llj  H|^  +  NaH|^2' 

or,  thirdly,  on  the  assumption  that  salts  contain  the  oxide  of  aba.sy- 
lous  radical  united  with  the  anhydride  of  an  acid  (the  old  view  under 
which  such  names  as  acetate  of  soda  were  formed)— 

Na,0,C,HA  -f  2H,0,S03  =  Na.,0,H,0,2S03  +  H,0,C,HA- 

Note  071  the  Constitution  of  Salts. 

Which  of  these  three  equations,  or,  more  broadly,  which  of  the 
three  views  of  the  constitution  of  salts  illustrated  by  the  equations, 
is  correct,  it  is  impossible  to  say.  Whether  it  is  CJI-iO,,  C.JI3O, 
or  C4Hg03,  M'hich  migrates  from  one  acetic  compound  to  another, 
whether  it  is  SO4,  SO2,  or  SO3,  which  migrates  from  one  sulphuric 
compound  to  another,  and  so  on  Avith  other  acidulous  groupings, 
cannot  at  present  be  determined.  There  are  strong  objections  to 
each  view ;  and  possibly  neither  is  right.  Either  the  given  radicals 
cannot  be  isolated,  or  application  of  the  forces  of  heat,  light,  and 
electricity  do  not  confirm  views  arrived  at  by  the  results  of  opera- 
tions with  the  chemical  force ;  or  a  salt  comes  to  be  regarded  as 
having  so  large  a  number  of  constituent  parts  that  the  view,  how- 
ever true,  breaks  down  in  practice  from  the  sheer  inability  of  the 
mind  to  grasp  the  complicatt^d  analogies  involved.  Yet  for  the  pur- 
poses of  description,  study,  and  conversation  some  system  must  be 
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iuloptcd.    Let  thn  first,  then,  bo  f^cnorally  tukon,  ovor-roliance  on  it 
checked  by  the  use  of  "general  instead  ol'  s])ceial  names  for  tlie 
hypothetical  radicals,  and  other  systems  be  employed  in  certain  cases. 
(!§ee  also  p.  283.) 

Analytical  Reactions  (^Tests'). 

First  Anahjtical  Reaction. — To  an  acetate  add  sulphuric 
acid  and  heat  the  mixture ;  acetic  acid,  recognized  by  its  odor, 
is  evolved. 

Note  1. — Iodine,  sulphurous  acid,  and  other  substances  of  power- 
ful odor,  mask  that  of  acetic  acid  ;  they  must  be  removed,  therefore, 
usually  by  precipitation  or  oxidation,  before  applying  this  test. 

Note  2. — It  will  be  noticed  that  this  reaction  is  identical  with  the 
previous  one ;  it  has  synthetical  or  analytical  interest,  according  to 
the  object  and  method  of  its  performance. 

Second.  Analytical  Reaction. — Repeat  the  above  action,  a  few 
drops  of  spirit  of  wine  being  first  added  to  the  acetate  ;  acetic 
ether  (acetate  of  ethyl,  C2H3C2H3O2),  also  of  characteristic 
odor,  is  evolved. 

The  basylous  radical  ethyl  (CjIIj)  will  be  referred  to  subsequently. 

Third  Analytical  Reaction. — Heat  a  fragment  of  a  dry  ace- 
tate in  a  test-tube,  and  again  notice  the  odor  of  the  gaseous 
products  of  the  decomposition  ;  among  them  is  acetone  (C3H0O), 
the  smell  of  which  is  characteristic.  Carbonate  of  the  metal 
remains  in  the  test-tube. 

Fourth  Analytical  Reaction. — To  a  solution  of  an  acetate 
made  neutral  by  the  addition  of  acid  or  alkali,  as  the  case  may 
be,  add  a  few  drops  of  neutral  solution  of  perchloride  of  iron  ; 
a  deep-red  liquid  results,  owing  to  the  formation  of  ferric 
acetate  (Fe.jGC^HaOa).  Boil ;  a  precipitate  of  oxyacetate  of 
iron  occurs,  leaving  the  liquid  colorless.  Strong  acids  also 
decompose  ferric  acetate. 

Anahjtical  Note. — It  will  be  noticed  that  the  formation  of  cha- 
racteristic precipitates,  the  usual  method  of  removing  radicals  from 
solution  for  recognition,  is  not  carried  out  in  the  qualitative  analysis 
of  acetates.  This  is  because  all  acetates  are  soluble.  Acetate  of 
silver  (AgC.JIaO,^)  and  mercurous  acetate  (HgCjH^Oj)  are  only  spar- 
ingly soluble  in  cold  water,  but  the  fact  can  seldom  be  utilized  in 
analysis.  Hence  peculiarities  of  color  and  odor,  the  ne.xt  best  cha- 
ra(;t(!rs  on  which  to  rely,  are  adopted  as  means  by  which  acetates 
may  be  detected.  Acetates,  like  other  organic  compounds,  char 
when  heated  to  a  high  temperature. 

Note  on  Aulu/drides. — Up  to  this  point  the  student  has  regarded 
an  anhydrid(!  as  a  body  derived  from  an  acid  by  rcMiioval  of  the 
whole  of  tiie  hydrogen  of  the  acid,  together  with  as  much  of  its  oxy- 
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gen  as  with  the  hydrogen  forms  water.  The  definition  will  scarcely 
apply  to  acetic  anhydride,  and  must  therefore  he  somewhat  qualified. 
An  aniujdridc  is  derived  from  an  acid,  the  acid  having  lost  the  whole 
of  its  basijlous  hydrogen  and  so  much  oxygen  as  is  necessary  to  form 
water  with  that  hydrogen.  Anhydrides  are  obtained  by  heating 
acids,  and  by  other  methods. 


QUESTIONS  AND  EXERCISES. 

482.  What  is  the  formula  of  acetic  acid  ? 

483.  State  the  relation  of  acetic  acid  to  other  acetates. 

484.  What  is  the  molecular  weight  of  acetic  acid  ? 

485.  Name  the  sources  of  acetic  acid. 

486.  What  is  pyroligneous  acid  ? 

487.  From  what  compound  is  the  acetic  acid  of  foreign  and  Eng- 
lish vinegar  immediately  derived? 

488.  How  much  real  acid  is  contained  in  official  vinegar? 

489.  What  is  the  nature  of  the  "Vinegars"  of  Pharmacy? 

490.  How  may  acetic  acid  be  obtained  from  acetate  of  sodium? 

491.  How  much  real  acid  is  contained  in  the  official  acetic  acid? 

492.  Mention  the  strength  of  commercial  glacial  acetic  acid. 

493.  Give  three  or  more  views  of  the  constitution  of  acetates,  illus- 
trating each  by  formulae. 

494.  Enumerate  the  tests  for  acetates. 


HYDROSULPHURIC  ACID  AND  OTHER  SULPHIDES. 

Formula  of  Hydrosulphuric  Acid  HjS.    Molecular  weight  34. 

Source  and  Varieties  of  Sulphur.~The  acidulous  radical  of  hi/dro- 
sulphiiric  acid,  sulphjdric  acid,  or  sulphureited  hydrogen,  and  other 
sulphides,  is  the  element  sulphur  (S).  It  occurs  in  nature  in  combi- 
nation with  metals,  as  already  stated  in  describing  the  ores  of  some 
of  the  metals,  and  also  in  the  free  state.  Most  of  the  sulphur  used 
in  medicine  is  imported  from  Sicily,  where  it  occurs  chiefly  associated 
with  blue  clay.  It  is  purified  by  fusion,  sublimation,  or  distillation. 
Melted  and  poured  into  moulds,  it  constitutes  a  crystalline  mass 
termed  roll  sulphur.  If  distilled  and  the  vapor  carried  into  large 
chambers,  so  that  it  may  be  rapidly  condensed,  the  crystals  are  so 
minute  as  to  give  the  sulphur  a  pulverulent  character ;  this  is  sm6- 
Kmed  sulphur  {Sulphur  Suhli  malum,  U.  S.  P.)  or  flowers  of  sulphur: 
the  same  washed  with  dilute  ammonia,  to  iM!move  traces  of  sul]ihuric 
acid,  or,  possibly,  arsenious  sulphide,  constitutes  Sulphur  Lolum, 
U.S.  P. 

The  third  common  form,  viilk  of  sidphur,  will  be  noticed  subse- 
quently. Sulphur  also  occurs  in  nature  in  combination  as  a  constit- 
uent of  animal  and  vegetable  tissues,  as  sulphurous  acid  gas  (SOJ 
in  volcanic  vapors,  and  as  sulphuretted  h3'drogen  in  some  watei's,  as 
those  of  Harrogate. 

Plastic  sulphur  is  one  of  the  allotropic  varieties  of  the  element, 
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obtained  on  heatinp;  sulphur  considerably  beyond  its  melting-point 
and  pouring  into  cold  water. 

QiKUifiralence. — Sulphur  is  sexivalent,  as  seen  in  sulphuric  anhy- 
dride (>S0.,),  a  substance  which  will  be  noticed  under  sulphuric  acid. 
It  also  occasionally  exhibits  quadrivalent  (SOj)  and  still  oftener  biv- 
alent aflinities  (IL.S). 

Molecular  Weit/hl. — At  very  high  temperatures  sulphur  follows 
the  rule  that,  under  similar  conditions  of  heat  and  pressure,  atomic 
weights  (in  gi-ammes,  grains,  etc.)  of  volatile  elements  occupy  equal 
volumes  of  vapor ;  its  formula  therefore  is  Sj,  and  molecular  weight 
64.  At  lower  temperatures  the  volume  weighs  three  times  as  much 
as  it  should  do  if  following  usual  laws,  and  then  the  molecule  would 
appear  to  contain  six  atoms  (S^). 

Acid  Salts. — Sulphur  (S")  being  the  first  acidulous  radical  of 
bivalent  activity  met  with  in  these  sections  on  acids,  it  is  desirable 
here  to  draw  attention  to  a  new  class  of  salts  to  which  such  a  rad- 
ical will  generally  give  rise.  These  are  acid  salts,  which  arc  inter- 
mediate between  normal  salts  and  acids.  Univalent  radicals  with  an 
atom  of  hydrogen  give  an  acid,  and  with  an  atom  of  other  basylous 
radicals  an  ordinary  or  normal  salt.  But  bivalent  radicals,  from  the 
fact  that  they  give  with  two  atoms  of  hydrogen  an  acid,  and  \vith 
two  atoms  of  univalent  metals  a  normal  salt,  may  obviously  give 
intermediate  bodies  containing  one  atom  of  hydrogen  and  one 
atom  of  metal :  these  are  appropriately  termed  acid  salts :  they  are 
neither  normal  acids  nor  normal  salts,  but  acid  sails.  (Examples : 
KIICO3,  NallSO^,  KIICJIA,  NajHPO,,  CuHAsOj,  CaII^21^0,.) 
Whether  or  not  these  salts  give  an  acid  reaction  with  blue  litmus- 
paper  depends  on  the  strength  of  the  respective  radicals.  Usually 
they  do  redden  the  test-paper,  but  sometimes  not ;  thus  the  acid  sul- 
phide or  sulphydrate  of  potassium  (KIIS),  of  sodium  (NallS),  or 
ammonium  (iVmllS)  has  alkaline  properties.* 

The  chemical  analogy  between  sulphur  and  oxygen,  already  once 
alluded  to  (p.  173),  is  further  illustrated  by  the  compounds  just 
mentioned.  Sulphur  is  also  closely  related  to  the  rarer  element 
Selenium.  Thus  we  have  SeO.^  as  well  as  SOj,  HjSeOj  (sclenious 
acid)  as  well  as  ll.^SOg  (sulphurous  acid),  IljSeO^  (selenic  acid)  as 
well  as  IIjSO^  (sulphuric  acid).  The  rare  element  Tellurium  also 
seems  to  have  similar  analogies.  The  four  liydrogen  compounds  of 
the  group  have  the  formulaa  H^O,  H.^S,  HjSe,  H^Te. 

Sj/rdhelical  Rcactiom^. 
Sulphuretted  Hydrogen. 

First  SyntheHcal  Reaction  :  The  preparation  of  sulphuretted 

*  Some  chemists  regard  these  sulphydrates  as  compounds  of  ba.sylous 
radicals  with  US,  a  univalent  grouping  termed  hydrosnliihyl  (persid- 
pliide  of  hydroffcn,  H.^S.^),  just  as  hy(lrates  are  similarly  viewed  as 
Cfiiiipounds  of  the  iniivulent  radical  iivdroxyl  (HO)  (jiei-oxide  of  hy- 
drogen, 11./),^)— II.^S  becoming  IIIIS  or  HHs  ( liydrosnliihylide  of  hy- 
drogen), and  IIjO  becoming  IIJIO  or  llllo  (hydroxy lido  oi'  hydrogen). 
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hydrogen. — This  operation  was  described  on  page  95,  and  prob- 
ably has  already  been  studied  by  the  reader. 

Precipitated  Sulphur. 

Second  Si/nthetical  Reaction. — Prepare  the  variety  of  the 
radical  of  sulphides  known  as  Precipitated  Sidphnr  (^Sulplnir 
Prsecipitatum,  U.  S.  P.),  or  milk  of  sulphur,  by  boiling  a  few 
grains  of  flowers  of  sulphur  (100  parts)  with  slaked  lime  (6G 
parts)  and  some  water  (500  parts)  in  a  test-tube  (larger 
quantities  in  an  evaporating-basin),  filtering,  and  (reserving  a 
small  portion  of  the  filtrate)  adding  dilute  hydrochloric  acid 
until  the  well-stirred  milklike  liquid  has  still  a  faint  alkaline 
reaction  on  test-paper ;  sulphur  is  precipitated,  and  may  be 
collected  on  a  filter,  washed  and  dried  (at  about  120°).  Excess 
of  acid  must  be  avoided,  or  some  hydrosulphyl,  the  liquid  per- 
sulphide  of  hydrogen  (HjS,),  will  be  formed,  probably  causing 
the  particles  of  sulphur  to  aggregate  to  a  gummy  mass. 

This  is  the  process  of  the  Pharmacopoeias.  Polysulphide  of  cal- 
cium and  hyposulphite  of  calcium  are  formed  : — 

3CaH,0,    -f-    6S2    =    2CaS,;    +    CaS,0,    +  ilLfi 

Hyrlrate  of  Sulphur.       Polysulphide     Hyposulphite  Water, 

calcium.  of  calcium.        of  calcium. 

On  adding  the  acid,  both  salts  are  decomposed  and,  after  an  inter- 
mediate reaction,  sulphur  separates  : — 

2CaS,   -1-   CaS.,03   +   6HC1  =   SCaCl^   -f   3H,0   +  68, 

Polysulphide     HypoBulphite     Hydrochloric     Chloride  of  Water.  Sulphur, 

of  calcium.        of  calcium.  acid.  calcium. 

The  polysulphide  of  calcium  yields  sulphuretted  hydrogen  and 
milk-white  sulphur  on  the  addition  of  acid.  The  hyposulphite  of 
calcium  then  yields  sulphurous  acid  gas  as  well  as  a  yellowish  sul- 
phur. The  gases  react  and  give  sulphur  and  water,  very  little  sul- 
phuretted hydrogen  escaping.  A  little  pentathionic  acid  (see  Index) 
is  also  said  to  be  formed. 

4H2S    -f    2S0j    =    3S,    +  4H,0. 

Calcareous  Precipitated  Snlphur :  The  old  "  Milk  of  Sul- 
phur."— To  a  sulphur  solution  prepared  as  before  (or  to  the 
reserved  portion)  add  a  little  dilute  sulphuric  acid ;  the  pre- 
cipitate is  in  this  case  largely  mixed  with  sulphate  of  cal- 
cium : — 

'  2CaS5  +  CaS.,0,,  +  3H,S04  +  3H,,0  =  3(CaS04,2H.,0) 

Polysulphide   Hyjjosulphite        Sulphuric  Water.  Sulphate  of 

of  calcium.      of  calcium.  acid.  calcium. 

+  6S, 

Sulphur. 
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Place  a  little  of  each  of  these  specimens  of  precipitated  sul- 
phur with  a  drop  of  the  supernatant  li([iiid  on  a  strip  of  glass, 
cover  each  spot  with  a  piece  of  thin  glass,  and  examine  the 
precipitates  under  a  microscope  ;  the  pure  sulphur  will  be  found 
to  consist  of  minute  grains  or  globules,  the  calcareous  to  con- 
tain comparatively  large  crystals  (sulphate  of  calcium). 

Note. — A  largo  proportion  of  the  precipitated  sulphur  met  with 
in  trade  in  England  still  is  thus  mixed  with  sulphate  of  calcium, 
most  of  such  specimens  containing  two-thirds  of  their  weight  of 
that  substance.  Many  purchasers,  indeed,  are  so  accustomed  to  the 
satiny  appearance  of  the  mixed  article  as  to  regard  the  real  sulphur 
with  suspicion,  sometimes  refusing  to  purchase  it.  The  mixed  arti- 
cle is,  certainly,  more  easily  mixable  with  aqueous  liquids ;  but  it 
has  long  been  discarded  from  the  Pharmacopoeias  of  Great  Britain, 
and,  on  the  whole,  is  scarcely  worthy  of  a  prominent  place  in  the 
pharmacy  of  1883. 

Jlany  English  pharmacists  have  ceased  to  sell  any  sulphur  which 
yields  a  white  ash  (the  anhydrous  sulphate)  when  a  little  is  burnt 
off  on  the  end  of  a  table-knife  or  spatula.  (No  more  damage  is 
done  to  the  steel  than  a  rub  on  a  knife-board  will  remove.) 

To  ascertain  exactly  the  amount  of  sulphate  of  calcium  in  a  speci- 
men of  calcareous  precipitated  sulphur,  place  a  weighed  quantity  in 
a  tared  crucible  and  heat  till  no  more  vapors  are  evolved.  The 
weight  of  the  residual  anhydrous  sulphate  of  calcium  (CaSO^  =  136), 
with  one-fourth  thereof  added,  is  the  amount  of  crystalline  sulphate 
of  calcium  (CaS04,2IIjO  =  172)  present  in  the  original  quantity  of 
calcareous  sulphur. 

Analytical  Reactions  (  Tests). 

To  a  sulphide  add  a  few  drops  of  hydrochloric  acid  ;  sul- 
phuretted hydrogen  will  probably  be  evolved,  well  known  by 
its  smell.  If  the  sulphide  is  not  acted  upon  by  the  acid,  or  if 
free  sulphur  be  under  examination,  mix  a  minute  portion  with 
a  fragment  of  solid  caustic  potash  or  soda  and  fuse  on  a  silver 
coin  or  spoon.  When  cold,  place  a  drop  of  dilute  hydrochloric 
acid  on  the  spot;  sulphuretted  hydrogen  is  evolved,  and  a  black 
stain,  due  to  sulphide  of  silver  (Ag.^S),  left  on  the  coin. 

Other  sulphur  reactions  may  be  adopted  as  tests,  but  the  above 
are  sufficient  for  all  ordinary  purposes.  The  most  convenient  re- 
agent for  detecting  a  sulphide  m  solution  of  ammonia  is  ammonio- 
sulphate  of  copper,  which  gives  a  black  precipitate  of  sulphide  of 
cop[ior  if  a  sulphide  be  present. 

The  foflide  of  Siilphvr  (SJ2)  has  been  mentioned  under  "  Iodine." 
A  chloride  (S.^Clj)  and  bromide  (S.Jir.^)  may  also  be  formed  from 
their  elements.    A  mixture  of  sulphur  and  chloride  of  sulphur  is 
.sometimes  met  with  under  the  name  of  hypochloride  of  sulphur. 
2(i 
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QUESTIONS  AND  EXERCISES. 

495.  In  what  form  docs  sulphur  occur  in  nature? 
49G.  State  the  modes  of  preparation  of  the  three  chief  commercial 
varieties  of  sulphur. 

497.  To  what  extent  does  the  atom  of  sulphur  vary  in  quantiva- 
lence? 

498.  State  the  relations  of  acid  salts  to  acids  and  to  normal  salts. 

499.  Define  sulphides  and  sulphydrates. 

500.  Describe  the  preparation  of  sulphuretted  hydrogen. 

501.  What  are  the  characters  of  pure  precipitated  sulphur? 

502.  Give  equations  explanatory  of  the  reactions  which  occur  in 
precipitating  suljohur  according  to  the  official  process. 

503.  Describe  the  microscopic  test  for  calcareous  precipitated 
sulphur. 

504.  Mention  a  ready  physical  method  of  detecting  sulphate  of 
calcium  in  precipitcated  sulphur. 

505.  Mention  the  tests  for  sulphides,  and  the  character  by  which 
sulphuretted  hydrogen  is  distinguished  from  other  sulphides. 

506.  How  are  sulphides  insoluble  in  acids  tested  for  sulphur? 

507.  Give  a  method  for  the  detection  of  a  trace  of  sulphur  in  solu- 
tion of  ammonia. 


SULPHUROUS  ACID  AND  OTHER  SULPHITES. 

Formula  of  Sulphurous  Acid  IIjSOj.  Formula  of  sulphurous  acid  gas 
or  sulphurous  anhydride,  commonly  termed  sulphurous  acid,  SO.,. 
Molecular  weight  of  sulphurous  acid  82 ;  of  the  anhydride  64. 

When  sulphur  is  burned  in  the  air  it  combines  with  oxygen  and 
forms  sulphurous  acid  gas  (SO.^),  more  correctly  termed  sulphurous 
anhydride,  or  commonly,  but  erroneously,  sulphurous  acid.  It  is  a 
pungent,  colorless  gas,  readily  liquefied  on  being  passed  through  a 
tube  externally  cooled  by  a  freezing-mixture  composed  of  two  parts 
of  well-powdered  ice  (or,  better,  snow)  with  one  part  of  common 
salt.  If  sulphurous  acid  gas  becomes  moist  or  is  passed  into  water, 
heat  is  evolved  and  true  sulphurous  acid  (II^SO^)  formed.  The 
latter  body  may  be  obtained  in  crystals ;  but  it  is  very  unstable, 
and  hence  the  properties  of  the  sulphurous  radical  must  be  studied 
under  the  form  of  some  other  sulphite  ;  sulphite  of  calcium  (CaSOj) 
or  sulphite  of  sodium  (Na.^SO;,)  may  be  used  for  the  purpose. 

Qnantioalence. — The  radical  of  the  sulphite  is.  bivalent  (SO./'), 
and  hence  forms  acid  sulphites,  such  as  acid  sul])hite  of  potassium 
(KHSO3)  and  normal  sulphites,  such  as  sulphite  of  sodium  (Na^SOj). 

Note  on  Nomendature. — The  sulphites  are  so  named  from  the 
usual  rule,  that  salts  corresponding  with  acids  whose  names  end  in 
ova  have  a  name  ending  in  ite.  They  are  generally  made  by  pa.>:!S- 
ing  sulphurous  acid  gas  over  moist  oxides  or  carbonates ;  in  the 
latter  case  carbonic  acid  gas  escapes. 

Si/iith'tical  Reaction. — To  a  few  drops  of  sulphuric  acid  in  a 
test-tube  add  a  piece  of  charcoal  and  apply  heat ;  sulphurous 
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acid  gas  is  evolved,  and  may  be  conveyed  hy  a  bent  tube  into 
a  small  quantity  of  cold  water  in  another  test-tube.  Larger 
quantities  may  be  made  in  a  Florence  flask.  The  product  is 
the  AcHlum  Sulphurosiim,  U.  S.  P.  It  contains  about  4.5  per 
cent,  of  sulphurous  acid  (H^SOa)  or  about  3.5  per  cent,  of  the 
gas  (SO:;).  The  process  is  also  that  described  in  the  Pharma- 
copana,  except  that  the  gas  is  purified  by  passing  through  a 
small  wash-bottle  before  final  collection.  Specific  gravity  1.022 
to  1.023. 

4H,S0,    +    C,    =    2C0,    +    4R,0    +  4S0, 

Suliilmric  Carbon  Carlionic  Water.  Sulpluirona 

acid.  (cliarcoal).         acid  gas.  acid  giis. 

Sulphurous  acid  gas  may  also  be  made  by  boiling  copper, 
mercury,  or  iron  with  sulphuric  acid,  sulphate  of  the  metals 
being  formed.    Also  by  boiling  sulphur  with  sulphuric  acid. 

SO,    +    H,0    =  H.SOa 

Sulphurous  Water.  Sulpliui'ous 

acid  gas.  acid. 

If  in  this  process  the  water  were  replaced  by  solutions  of  or  solid 
metallic  oxides  or  carljonates,  sulphites  of  the  various  metals  would 
he  fornuHl.  The  formula  of  sulphite  of  potassium  {Potassii  Sulj^Ms, 
U.  S.  P.)  is  K,SO,,,2H.20  ;  of  sulphite  of  sodium  {Sodii  SiiljMs, 
TJ.  S.  P.),  Na2S03,7H^O  ;  of  the  bisulphite  or  acid  sulphite,  NallSOj 
{Sndii  Jiisulpkis,  U.  S.  P.).  Under  the  name  of  antichlor  the  former 
is  used  for  removing  traces  of  chlorine  from  paper  pulp.  The  sul- 
phite of  magnesium  {Magnesii  Sulphis,  U.  S.  P.,  MgSOj, 611.^0)  is 
deposited  as  a  white  crystalline  powder  from  the  aqueous  solution 
containing  excess  of  sulphurous  acid.  The  so-called  Bisuli)hite  of 
Lime,  employed  by  brewers  for  retarding  or  arresting  fermentation 
and  oxidation,  and  used  for  various  antiseptic  purposes,  is  a  solu- 
tion of  sulphite  of  calcium  (CaSOj)  in  free  sulphurous  acid  (Ih^SOg), 
and  is  made  by  passing  sulphurous  acid  gas  (SO.^)  into  thin  milk  of 
lime.  Its  specific  gravity  varies  from  1.0.50  to  1.070,  and  its  potential 
strength  of  anhydride  (SO.J  from  4  to  6  per  cent. 

Analytical  Reactions  (  Tents). 

First  Annhjtical  Reaction. — To  a  sulphite  (of  sodium,  for 
instance,  made  by  passing  sulphurous  acid  into  solution  of  car- 
bonate of  sodium)  add  a  drop  or  two  of  dilute  hydrochloric 
acid  ;  sulphurous  acid  gas  escapes,  recognized  by  a  peculiar 
pungent  smell. 

This  smell  is  the  same  as  that  evolved  on  burning  lucifer  matches 
that  have  been  tipped  with  sulphur.  It  is  <lui!,  proliahly,  not  to  the 
gas  (SO.^,  but  to  sulphurous  acid  (Ih^SO.,)  fornuMl  hy  tiie  luiion  of 
sulphurous  acid  gas  with  either  the  moisture  of  the  air  or  thtit  on 
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the  surface  of  the  mucous  mciuhi'iLne  of  tlio  nose.  The  gas  is  liighh^ 
suifocating. 

Second  Analytical  Reaction.  —  To  a  sulphite  add  a  little 
water,  a  fragment  or  two  of  zinc,  and  then  hydrochloric  acid ; 
sulphuretted  hydrogen  will  be  evolved,  known  by  it.s  putrid 
odor  and  action  on  a  piece  of  paper  placed  like  a  cap  on  the 
mouth  of  the  test-tube,  and  moistened  with  a  drop  of  solution 
of  acetate  of  lead,  black  sulphide  of  lead  being  formed.  Sul- 
phurous acid  may  be  detected  in  acetic  acid,  or  in  hydrochloric 
acid,  by  this  test. 

H,S03  +  He  =  H,S  -i-  3H,,0. 

Other  Anali/tical  Reactions. 

To  solutions  of  neutral  sulphites  add  nitrate  or  chloride  of 
barium,  chloride  of  calcium,  or  nitrate  of  silver ;  in  each  case 
white  sulphites  of  the  various  metals  are  precipitated.  The 
barium  sulphite  is  soluble  in  weak  hydrochloric  acid ;  but  if  a 
drop  or  two  of  chlorine-water  is  first  added,  barium  sulphate  is 
formed,  which  is  insoluble  in  acids.  The  other  precipitates  are 
also  soluble  in  acids.  The  silver  sulphite  is  decomposed  on 
boiling,  sulphuric  acid  being  formed,  and  metallic  silver  set 
free,  the  mixture  darkening  in  color. 

To  recognize  the  three  radicals  in  an  aqueous  solution  of  sul- 
phides, sulphites,  and  sulphates,  add  chloride  of  barium,  filter,  and 
wash  the  precipitate.  In  the  filtrate,  sulphides  are  detected  by  the 
sulphuretted  hydrogen  evolved  on  adding  an  acid.  In  the  pre- 
cipitate, sulphites  are  detected  by  the  odor  of  sulphurous  acid  pi'O- 
duced  on  adding  hydrochloric  acid,  and  sulphates  by  their  insolu- 
bility in  the  acid. 


QUESTIONS  AND  EXERCISES. 

508.  "What  are  the  differences  between  sulphurous  acid  and  sul- 
phurous acid  gas,  sulphites  and  acid  sulphites? 
.509.  State  the  characters  of  sulphurous  acid  gas? 
.510.  How  is  the  official  Sulphurous  Acid  prepared? 

511.  By  what  test  may  sulphurous  acid  be  recognized  in  acetic 
acid  ? 

512.  Give  a  method  by  which  sulphites  may  be  detected  in  pi-es- 
ence  of  sulphides  and  sulphates. 


SULPHURIC  ACID  AND  OTHER  SULPHATES. 

Formula  of  Sulphuric  Acid  II.^SO^.    Molecular  weight  98. 

Many  sulphates  occur  in  nature;  but  the  common  and  highly  im- 
portant hydrogen  sulphate,  sulphuric  acid,  is  nuule  artificially. 
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Preparation  of  the  Acid :  General  Nature  of  the  Proeea.i. — Sulphur 
itself,  or  sometimes  the  sulpiuir  in  iron  pyrites,  is  first  converted  into 
sulphurous  acid  gas  by  hurnini;;  in  air,  and  this  gas,  by  moisture  and 
oxygen,  into  sulphuric  acid  (SOj  -f  II2O  -|-  0  =  ll^SO.,). 

Details  of  the  Frores.s. — The  oxygon  necessary  to  oxidize  the  sul- 
phurous acid  gas  cannot  directly  be  obtained  from  air,  but  indirectly, 
the  agency  of  nitric  oxide  (NO)  being  employed — this  gas  becoming 
nitric  peroxide  (NO.,)  by  the  action  of  the  air,  and  the  nitric  peroxide 
again  becoming  nitric  oxide  by  the  action  of  the  sulphurous  acid  gas, 
and  so  on.  A  small  quantity  of  nitric  oxide  gas  will  in  this  way  act 
as  carrier  of  oxygen  from  the  air  to  very  large  quantities  of  sulphur- 
ous acid. 

The  Ibllowing  equations  represent  the  successive  steps  : — 
+    20.,     =  2SO2 

Sulpliur.      O.xygeu  Siiljiliuiims. 

(uf  tlie  air).       acid  gas. 

SO.,    +    H.,0   =  II.SOj 

Sulphurous       WatBr.  Sulpliurous 
acid  gas.  acid. 

2N0    +     O2     =  2N0., 

Nitric  Oxj'gen  Nitric 

oxide.        (of  the  air).  peroxide. 


II2SO3    +    NO.,   =    II.,SO,    +  NO 

Sulphurous         Nitric  Sulphuric  Nitric 

acid.  peroxide.  acid.  oxide. 

On  the  large  scale  the  sulphurous  acid  gas  is  produced  by  burning 
sulphur  in  furnaces ;  it  is  carried,  together  with  the  nitric  vapors, 
liy  Hues  into  leaden  chaml)ers,  where  jets  of  steam  supply  the  neces- 
.sary  moisture ;  the  steam  also,  condensing,  prevents  other  reactions. 

The  resulting  dilute  sulphuric  acid  is  concentrated  by  evaporation 
in  leaden  vessels. 

The  nitric  oxide  is  in  the  first  instance  obtained  from  nitric  acid, 
and  this  from  nitrate  of  potassium  or  of  sodium  by  the  action  of  a 
small  quantity  of  the  sulphuric  acid  of  a  previous  operation. 

2NaN0,   +    II.SO,   =    Na.,SO,    +  2IINO3 

Nitrate  of  Sulphuric  Sulphate  of  Nitric 

sodium.  acid.  sodium.  acid. 

STI^SO,   +    2nN0,   =   3IT.,S0,    +    II.,0    -f-  2N0 

Sulphurous  Nitric  Sulidiuric  M'nter.  Nitric 

acid.  acid.  acid.  oxide. 

Other  Proee.i.<ie.<i. — Sulphuric  acid  may  he  obtained  by  other  pro- 
cesses,_as  })y  distilling  the  sulphate  of  iron  resulting  from  the  natural 
oxidation  of  iron  pyrites  by  air;  but  it  is  seldom  so  inade  at  the 
pn!sent  day.  The  suliihatcs  of  iron  was  formerly  called  f/rccn.  vitriol 
(p.  141),  and  the  distilled  ]>v(H]nKt  oil  of  vitriol)  the  latter  in  allu- 
sion to  its  consistence  and  origin. 

Experiment. — For  purposes  of  practical  study,  a  small  quantity 
may  be  made  (as  shown  in  fig.  39)  by  passing,  a,  sulphurous  acid  gas 
20  » 
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(p.  302),  b,  nitric  oxide  in  small  quantity  (p.  286),  c,  air  (forced 
through  by  aid  of  bellows  or  a  gas-holder  or  drawn  through  by 


Fig.  39. 


Expeiimentul  Manufacture  of  Sulphuric  Acid. 


a  water-asjnraior,  e),  and  occasionally,  d,  steam  (generated  in  a 
Florence  flask)  through  glass  tubes,  nearly  to  the  bottom  of  a  two- 
or  three-quart  flask. 

SO,  +         =  II2SO3 ;     I     2N0  +  0,  =  2N0., ; 
H2SO3  +         =  II^SO,  +  NO. 

A  slow  current  of  sulphurous  acid  gas,  air,  and  steam,  and  a  small 
quantity  of  nitric  oxide,  will  furnish,  in  the  course  of  a  few  minutes, 
enough  sulphuric  acid  for  recognition  by  the  first  of  the  following 
analytical  reactions.  The  manufacturing  process  may  be  more  ex- 
actly imitated  by  burning  sulphur  in  a  tube  placed  where  the  flask  a 
is  represented  in  the  foregoing  figure,  or  by  burning  it  under  a 
funnel  there  attached  ;  but  in  either  of  these  cases  strong  aspiration 
must  be  maintained. 

Purifimtion. — Sulphuric  acid  may  contain  arsenic,  nitrous  com- 
pounds, and  salts.  Arsenic  may  be  detected  by  the  hydrogen-test 
(p.  170),  nitrous  compounds  by  powdered  sulphate  of  iron  (which 
acquires  a  violet  tint  if  they  are  present),  and  salts  by  the  residue  left 
on  boiling  a  little  to  dryness  in  a  crucible  in  a  fume-chamber.  If 
only  nitrous  compounds  are  present,  the  acid  may  be  purified  by 
heating  with  about  one-half  per  cent,  of  sulphate  of  ammonium — 
water  and  nitrogen  being  produced  (Pelouzc).    If  arsenic  occurs,  boil 
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■n-ith  a  small  quantity  of  liydrocliloric  acid,  which  converts  the  arsenic 
into  chloride  of  arsoniciim  ;  or  heat  with  a  little  nitric  acid,  whicii 
converts  ai'senious  (As^Oj)  into  arsenic  anhydride  (As^Oj),  then  add 
suljihate  of  ammonium,  and  distil  in  a  retort  containing  pieces  of 
quartz  and  heat  by  an  annular-shaped  burner  (to  prevent  "  bum [>- 
ini;: see  p.  277).  The  arsenic  anhydride  remains  in  the  retort. 
(Arscnions  anhydride  would  be  carried  over  with  the  sulphuric  acid 
vapors.)  By  distillation  the  acid  is  also  purified  from  salts  (such  as 
NalTSO^)  which  ai-e  not  volatile. 

Qnantivalencc. — The  sulphuric  radical  being  bivalent  (804^^),  acid 
as  well  as  normal  sulphates  may  exist.  Acid  sulphate  of  potassium 
(KILSO4)  is  an  illustration  of  the  former,  sulphate  of  sodium  (NajSOJ 
of  the  latter ;  doti.ble  sulphates  may  also  occur,  such  as  that  of  potas- 
sium and  magnesium  (K.jSO^jMgSOjjBHjO).  Sulphates  generally 
contain  water  of  crystallization. 

Pure  sulphuric  acid  (ILSOJ  is  of  specific  gravity  1.848.  The 
best  "oil  of  vitriol"  of  commerce,  a  colorless  liquid  of  oily  consist- 
ence, is  of  specific  gravity  1.843,  and  contains  95.8  per  cent,  of  real 
acid  (ri,SOj.  The  Acidum  Sulphuricum,  U.  S.  P.,  should  contain 
not  less  than  96  per  cent,  of  H2SO4,  and  have  a  sp.  gr.  not  below 
1.840.  The  Acidum  Sulphuricuin  Dilutum,  U.  S.  P.,  contains  10  per 
cent,  of  the  strong  acid,  and  should  have  a  sp.  gr.  of  nearly  1.067. 
The  Acidum  Sidphuricum  Aromaticum.,  U.  S.  P.,  a  dilute  acid  in 
which  are  dissolved  oil  of  cinnamon  and  tincture  of  ginger,  contains 
about  20  per  cent,  of  strong  acid,  sp.  gr.  0.955.  There  are  some 
definite  compounds  of  sulphuric  acid  with  water ;  the  first  (H2SO4,- 
H^O)  may  be  obtained  in  crystals. 

Sulphuric  anhjdride  (SO3)  is  a  white  silky  crystalline  solid, 
having  no  acid  properties.  It  is  made  by  distilling  sulphuric  acid 
with  phosphoric  anhydride  (-SII^SO^  +  P.,03  =  2H3PO4  +  3SO3).  It 
appears  to  unite  with  sulphuric  acid  and  some  other  normal  sul- 
phates to  form  compounds  (R'2S04,S03)  resembling  in  constitution 
red  chromate  of  potassium  or  borax.  The  fuming  sulphuric  acid 
(HjSO^.SOj),  formerly  made  at  Nordhausen  in  Saxony,  seems  to  be 
such  a  body. 

Note. — Sulphuric  acid  is  a  most  valuable  compound  to  all  chemists 
and  manufacturers  of  chemical  substances.  By  its  agency,  direct  or 
indirect,  many,  if  not  most,  chemical  transformations  are  effected. 
To  describe  all  its  uses  would  be  to  write  a  work  on  chemistry. 

Analytical  Reactions  (  Tests). 

Firxt  Analytical  Reaction. — To  a  solution  of  a  sulphate  add 
solution  of  a  barium  salt-;  a  white  precipitate  of  sulphate  of 
barium  (BaSO,)  falls.  Add  nitric  acid  and  boil  the  mixture; 
the  precipitate  does  not  dissolve. 

This  reaction  is  as  highly  characteristic  of  sulphate  as  it  has  been 
stated  to  be  of  barium  salts  {inde  page  102).  The  only  error  likely 
to  I)e  made  in  its  application  is  that  of  overlooking  the  fact  that 
nitrate  and  chloride  of  barium  are  less  soluble  in  strong  acid  than  in 
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water.  On  adding  the  barium  salt  to  the  acid  lifjuid,  therefore,  a 
white  precipitate  may  l)e  obtained,  which  is  simply  the  nitrate  or 
chloride  of  barium.  The  apj)earance  of  such  a  precipitate  ditt'ers  con- 
siderably from  that  of  the  barium  sulphate,  hence  a  careful  operator 
will  not  be  misled.  Should  any  doubt  remain,  water  should  be  added, 
which  will  dissolve  the  nitrate  or  chloride,  ljut  not  affect  the  suljihate. 

Srcovd  AnalijHml  Reaction. — Mix  a  fragment  of  an  insoluble 
sulphate  (BaSO,,  e.  (j.')  with  carbonate  of  potassium  or  of  sodium  ; 
or,  better,  with  both  carbonates,  and  fuse  the  mixture  in  a  small 
crucible.  Digest  the  residue  when  cold,  in  water,  and  filter; 
the  filtrate  may  be  tested  for  the  sulphuric  radical. 

This  is  a  convenient  method  of  qualitatively  analyzing  insoluble 
sulphates,  such  as  those  of  barium  and  lead. 

Third  Analytical  Reaction. — Mix  a  fragment  of  an  insoluble 
sulphate  with  a  little  alkaline  carbonate  on  a  piece  of  charcoal, 
taking  care  that  some  of  the  charcoal-dust  is  included  in  the 
mixture.  Heat  the  little  hea|3  in  the  blowpipe-flame  until  it 
fuses,  and,  when  cold,  add  a  drop  of  acid ;  sulphuretted  hydro- 
gen is  evolved,  recognized  by  its  odor. 

This  is  another  process  for  the  recognition  of  insoluble  sulphates. 
Other  preparations  of  sulphur,  and  sulphur  itself,  give  a  similar  re- 
sult. It  is  therefore  rather  a  test  for  sulphur  and  its  compounds  than 
sulphates  only  ;  but  the  absence  of  other  salts  can  generally,  if  neces- 
sary, be  previously  determined. 

Note. — The  presence  of  the  sulphuric  radical  in  a  solution  having 
been  proved  by  the  above  reactions,  its  occurrence  as  the  normal  sul- 
phate of  a  metal  is  demonstrated  by  the  neutral,  or  nearlj-  neutral, 
deportment  of  the  liquid  with  test-paper,  and  the  detection  of  the 
metal — its  occurrence  as  sulphuric  acid  or  an  acid  sulphate  by  the 
sourness  of  the  liquid  to  the  taste  and  the  effervescence  produced  on 
the  addition  of  a  carbonate. 

Antidote. — In  cases  of  poisoning  by  strong  sulphuric  acid,  solution 
of  carbonate  of  sodium  (common  washing-soda),  magnesia  and  water, 
etc.,  may  be  administered  as  antidotes. 


QUESTIONS  AND  EXERCISES. 

513.  What  is  the  formula  of  sulphuric  acid,  and  what  its  molecular 
weight? 

514.  How  is  it  related  to  other  sulphates? 

515.  Write  a  short  article  on  the  manufacture  of  sulphuric  acid, 
giving  either  diagrams  or  equations. 

516.  How  may  nitrous  compounds  be  detected  in,  and  eliminated 
from,  sulphuric  acid? 

517.  State  the  method  by  which  the  presence  of  arsenic  is  detected 
in  sulphuric  acid,  and  explain  the  process  by  which  it  may  be  re- 
moved. 
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518.  Define  sulphates,  acid  sulphates,  and  double  sulphates. 

519.  What  percentage  of  real  acid  is  contained  in  commercial  oil 
or  vitriol ? 

520.  State  the  strength  of  the  official  "diluted"  and  "ai'omatic" 
sulphuric  acid. 

52 1 .  By  what  process  is  sulj^huric  anhydride  obtained  from  Nord- 
liausen  sulphuric  acid? 

522.  Exjjiain  the  reactions  which  occur  in  testing  for  sulphates. 

523.  Ascertain  by  calculation  the  weight  of  oil  of  vitriol  (of  96.8 
per  cent.)  necessary  for  the  production  of  one  ton  of  dry  sulphate 
of  ammonium. — Ann.  1718  pounds. 

524.  Name  the  antidotes  in  cases  of  poisoning  by  strong  sulphuric 
acid. 


CARBONIC  ACID  AND  OTHER  CARBONATES. 

Formula  of  Carbonic  Acid  IIjCO.^.  Molecular  weight  62.  Formula 
of  carbonic  acid  gas,  or  carbonic  anhydride,  commonly  termed  car- 
bonic acid,  CO.^. 

Smirces. — Cai-bonates  (compounds  containing  the  grouping  CO,) 
are  very  common  in  nature,  the  calcium  carbonate  (CaCO^)  being 
widely  distributed  as  chalk,  limestone,  or  marble.  The  hydrogen 
carbonate,  true  carbonic  acid,  is  not  known,  unless  indeed  carbonic 
acid  gas  assumes  that  condition  on  dissolving  in  M^ater.  Such  a  so- 
lution (see  page  85)  changes  the  color  of  blue  litmus-paper,  and  the 
gas  does  not ;  this  may  be  because  only  the  true  acid  (HjCOg)  affects 
the  litmus,  or  because  the  gas  (CO^)  cannot  come  into  real  contact 
with  the  litmus  without  a  medium.  Fi-om  the  commonest  natural 
carbonate,  carbonate  of  calcium,  are  derived  the  carbonic  constit- 
uents of  the  one  most  frequently  used  in  medicine  and  in  the  arts 
generally,  carbonate  of  sodium. 

Carbonate  of  sodium  is  prepared,  by  "  the  Leblanc  process,"  from 
the  chief  natural  salt,  the  chloride.  After  the  chloride  has  been 
converted  into  sulphate  (salt-cake)  by  sulphuric  acid  (or  by  sulphur- 
ous acid,  air,  and  steam — Ilargreave's  modification) — 

2NaCl  +  IT^SO,  =  Na^SO,  +  2HC1, 

the  sulphate  is  roasted  with  limestone  and  small  coal,  by  which  car- 
bonate of  sodium  and  sulphide  of  calcium  are  formed : — 

Na^SO.  -h  C^  +  CaCOa  =  CaS  +  Na^COa  +  4C0. 

Carbonic  oxide  gas  and  a  little  carbonic  acid  gas  from  the  excess  of 
•  halk  escape ;  the  residual  mass  (black  ash)  is  digested  in  water,  in 
which  the  carbonate  of  sodium  dissolves,  the  sulphide  of  calcium  with 
a  little  oxide  reinaining  insoluble!.  Tl>e  solution  is  evaporated  to 
dryn(!ss,  and  yields  true  carbonate  of  sodium.  This  is  roasted  with 
a  .small  ((uaiitity  of  sawdust,  to  conv(;rt  any  caustic  soda,  resulting 
from  the  action  of  the  lime  on  the  carbonate,  into  normal  carbonate. 
Till'  product  is  soda-ash.  Dissolved  in  water  and  crystallized,  it 
constitutes  the  ordinary  "soda"  used  for  washing  purposes;  recrys- 
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tallized  and  sometimes  ground,  it  forms  the  official  carbonate  of 
sodium  (Sodii  Carbonas,  U.  S.  P.)  (Na-^COjilUHjO).  The  reaction 
is  rendered  more  intelligible  by  regarding  it  as  occurring  in  two 
stages:  1st,  the  reduction  of  the  suljjhate  of  sodium  to  sulphide  by 
the  carbon  of  the  coal — 

Na^SO,  +  C,  =  Na,S  +  4C0 ; 

2d,  the  reaction  of  the  sulphide  of  sodium  and  carbonate  of  calcium, 
giving  soluble  carbonate  of  sodium,  thus — 

Na^S  +  CaCOg  =  Na^COj  +  CaS. 

The  sulphur  in  the  residual  sulphide  (or,  perhaps,  oxysulphide) 
of  calcium  may  be  recovered  by  exposure  to  air,  and  the  subsequent 
action  of  hydrochloric  acid.  Some  hyposulphite  of  calcium  (CaS^O-j) 
is  first  formed,  and  the  action  of  the  acid  on  this  and  on  undecom- 
poscd  sulphide  gives  chloi'ide  of  calcium,  water,  and  sulphur.  A 
more  promising  process  of  recovery  is  that  by  iSchaffner  and  Ilelbig. 
It  consists  in  decomposing  the  calcium  sulphide  by  magnesium 
chloride,  burning  the  resulting  sulphuretted  hydrogen  to  sulphur- 
ous acid  gas  and  regenerating  the  magnesium  chloride : — 

(1)  CaS  +  MgClj    +  2H,0  =  H,S    +  CaCl.,  +  Mg2II0 ; 

(2)  CaCU  +  Mg2II0  +  CO^    =  MgCl^  +  CaC03+  11,0. 

Another  Process. — To  a  strong  solution  of  common  salt,  bicar- 
bonate of  ammonium  is  added,  when  a  precipitate  of  bicarbonate  of 
sodium  occurs.  The  resulting  chloride  of  ammonium  may  be  con- 
verted into  carbonate  by  heating  with  chalk,  and  the  carbonate  be 
more  fully  carbonated  by  carbonic  acid  gas  obtained  by  heating  the 
bicarbonate  of  sodium,  which  is  thereby  reduced  to  the  ordinary 
neutral  carbonate.  This  n'lethod  is  known  as  "  the  ammonia  process." 

Carbonic  acid  gas  (CO.^)  is  a  product  of  the  combustion  of  all 
carbonaceous  matters.  It  is  constantly  exhaled  by  animals  and 
inhaled  by  plants,  its  intermediate  storehouse  being  the  atmosphere, 
throughout  which  it  is  equally  distributed  by  diffusion  {ride  p.  24) 
to  the  extent  of  about  4  parts  in  10,000.  A  larger  proportion  than 
that  just  mentioned  gives  to  confined  air  depressing  effects,  4  or  5 
per  cent,  rendering  the  atmosphere  poisonous  when  taken  into  tiie 
blood  from  the  lungs.  Carbonic  acid,  however,  may  be  taken  into 
the  stomach  with  beneficial  sedative  effects ;  hence,  probably,  much 
of  the  value  of  such  effervescing  liquids  as  soda-water,  lemonade, 
and  solutions  of  the  various  granulated  preparations  and  effervescing 
powders  {ride  p.  86).  The  gas  liquefies  on  being  compressed,  and 
the  liquid  solidifies  on  being  evolved.  Carbonic  acid  gas  is  twenty-two 
times  as  heavy  as  hydrogen,  and  about  half  as  heavy  again  as  air. 

Sulphocarbonates  resemble  carbonates  in  constitution,  but  contain 
sulphur  in  place  of  oxygen. 

Sulphocarbonic  anhydride,  CS.^,  commonly  termed  bisulphide  of 
carbon  or  disuljjhidc  of  carbon  (Carlionei  J{isiilj)hidiim,  U.  S.  P.),  is 
a  highly  volatile  and  inflammaljle  liquid,  easily  made  from  its  ele- 
ments. Sp.  gr.  1.272;  boiling-point  40°  C.  It  may  be  rendered 
almost  scentless  by  digestion  with  copper  turnings.    Its  possible 
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impurities  are  dissolved  sulphur,  sulphur  oils,  and  sulphuretted 
hydrogen. 

Reactions. 

Sijntlietical  and  Analytical  Reactions. — 1.  To  a  fragment  of 
marble  in  a  test-tube  add  water  and  then  hydrochloric  acid ; 
carbonic  acid  gas  (CO,)  is  evolved,  and  may  be  conveyed  into 
water  or  solutions  of  salts  by  the  usual  delivery-tube. 

This  is  the  process  of  the  British  Pharmacopoeia,  and  the  one 
usually  adopted  for  experimental  purposes.  Passed  into  carbonate 
of  sodium,  the  gas  gives  Sodii  Bicarbuiuifi  (p.  82),  and  into  carbonate 
of  potassium,  Fotassii  Bicarbonaa  (p.  70).  On  the  large  scale  the 
gas  is  prepared  from  chalk  or  marble  and  sulphuric  acid,  frequent 
stirring  promoting  its  escape. 

2.  Pass  the  gas  into  lime-water ;  a  white  precipitate  of  car- 
bonate of  calcium  (CaCO,)  falls.  Solution  of  subacetate  of 
lead  may  be  used  instead  of,  and  is  perhaps  even  a  more  deli- 
cate test  than,  lime-water. 

The  evolution  of  a  gas  on  adding  an  acid  to  a  salt,  warming  the 
mixture  if  necessary,  the  gas  being  inodorous  and  giving  a  white 
precipitate  with  lime-water,  is  sufficient  evidence  of  the  presence  of 
a  carbonate.  Carbonates  in  solution  of  ammonia,  potash,  or  soda 
may  be  detected  by  the  direct  addition  of  solution  of  lime.  Car- 
l)onates  in  presence  of  sulphites  or  hyposulphites  may  be  detected 
by  adding  acid  tartrate  of  potassium,  which  decomposes  carbonates 
with  efiFervescence,  but  does  not  attack  sulphites  or  hyposulphites. 

3.  Blow  air  from  the  lungs  through  a  glass  tube  into  lime- 
water  ;  the  presence  of  carbonic  acid  gas  is  at  once  indicated. 

i  The  passage  of  a  considerable  quantity  of  normal  air  through  lime- 
water  produces  a  similar  effect.  A.  bottle  containing  lime-M'ater  soon 
becomes  coated  with  carbonate  of  calcium  from  absorption  of  atmo- 
spheric carbonic  acid  gas. 

4.  Fill  a  dry  test-tube  with  the  gas  by  pressing  the  delivery- 
tube  of  the  above  apparatus  to  the  bottom  of  the  test-tube. 
P>eing  rather  more  than  once  and  a  half  as  heavy  as  the  air 
( 1 .529),  it  will  di.splaco  the  latter.  Prove  the  presence  of  the 
gas  by  pouring  it  slowly,  as  if  a  visible  liquid,  into  another 
test-tube  containing  lime-water  ;  the  characteristic  cloudiness 
and  precipitate  are  obtained  on  gently  shaking  the  lime-water. 

In  t<;sting  for  carbonates  by  bringing  evolved  gas  into  contact  with 
liine-wator,  the  prejjaration  and  adaptation  of  a  delivery-tube  nuiy 
often  be  avoided  by  pouring  the  gas  from  the  generating-tuhc  into 
that  containing  the  lime-water  in  the  manner  just  indicated. 

5.  Pass  carbonic  acid  gas  through  lime-water  until  the  pre- 
cipitate at  first  formed  is  dissolved.    The  resulting  liquid  is  a 
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solution  of  carbonate  of  calcium  in  carbonic  acid  water.  Boil 
the  solution  ;  carbonic  acid  gas  escapes,  and  the  carbonate  is 
again  precipitated. 

This  experiment  will  serve  to  show  how  chalk  is  kept  in  solution 
in  ordinary  well-waters,  giving  the  property  of  hardness,"  and  how 
the  fur  or  stone-like  deposit  in  tea-kettles  and  boilers  is  foi'med.  It 
should  be  here  stated  that  sulphate  of  calcium  produces  similar 
hardness,  and  that  those,  with  small  quantities  of  the  sulphate  and 
carbonate  of  magnesium,  constitute  the  hardening  constituents  of 
well-waters,  a  curd  (olcate  of  calcium  or  magnesium)  being  formed 
whenever  soap  is  used  with  such  waters.  Au  enormous  amount  of 
soap  is  wasted  through  the  employment  of  hard  water  for  washing 
purposes.  The  hardness  produced  by  the  earthy  carbonates  is 
termed  "  temporary  hardness,"  because  removable  by  ebullition ; 
that  by  the  earthy  sulphates  "  permanent  hardness,"  because  un- 
affected by  ebullition.  The  addition  of  lime-water  or  a  mixture  of 
lime  and  water  removes  temporary  hardness  (reac.  2,  page  311) 
and  carbonate  of  sodium,  "  washing  soda,"  both  temporary  and 
permanent  hardness,  in  the  latter  case  sulphate  of  sodium  remain- 
ing in  solution.  Carbonate  of  barium  (ground  witherite)  also  de- 
composes sulphates  of  calcium  and  magnesium,  sulphate  of  barium 
being  precipitated  and  carbonates  of  calcium  or  magnesium  formed ; 
the  latter  and  the  carbonates  originally  in  the  water  may  then  be 
precipitated  by  ebullition  or  by  the  action  of  lime-water.  But  the 
injurious  effects  of  barium  salts  on  man  and  the  lower  animals 
prevent  the  carbonate  being  used  for  purifying  water  for  drink- 
ing purposes,  as  by  accident  or  an  unforeseen  reaction  a  portion 
might  become  dissolved. 


QUESTIONS  AND  EXERCISES. 

525.  Name  the  chief  natural  carbonates. 

526.  What  are  the  formula3  of  carbonic  acid  and  carbonic  acid 

gas? 

527.  Adduce  evidence  of  the  existence  of  true  carbonic  acid. 

528.  Trace  the  steps  by  which  the  carbonic  constituent  of  chalk 
is  transferred  to  sodium  by  the  process  usually  adopted  in  alkali- 
works — the  manufacture  of  "  soda." 

529.  Carbonic  acid  gas  is  constantly  exhaled  from  the  lungs  of 
animals ;  why  does  it  not  accumulate  in  the  atmosphere? 

530.  AVhat  is  the  effect  of  pressure  on  carhonic  acid  gas? 

531.  State  the  specific  gravity  of  carhonic  acid  gas. 

532.  By  what  processes  nuiy  carbonic  acid  gas  be  obtain(i,d  for 
experimental  and  manufacturing  purposes? 

533.  Describe  the  action  of  carbonic  acid  gas  on  the  carbonates 
of  potassium  or  sodium. 

534.  How  may  carbonic  acid  be  detected  in  expired  air? 

535.  To  what  extent  is  carbonic  acid  gas  heavier  than  air? 

536.  Work  sums  showing  what  quantity  of  chalk  (90  per  cent. 
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pure)  will  be  required  to  furnish  the  carbonic  acid  necessary  to 
convert  one  ton  of  carbonate  of  potassium  (containing  83  per  cent, 
of  KjCOj)  into  acid  carbonate,  supposing  no  gas  to  be  wasted  ? — 
Ans.  1500  lbs. 

537.  Detiae  "hardness"  in  water. 

538.  How  may  the  presence  of  carbonates  be  demonstrated? 


OXALIC  ACID  AND  OTHER  OXALATES. 

Formula  of  Oxalic  Acid  li.fi  fi^,2Ii.fi.    Molecular  weight  126. 

Source. — Oxalates  occur  in  nature  in  the  juices  of  some  plants,  as 
wood-sorrel,  rhubarb,  the  common  dock,  and  certain  lichens ;  but 
the  hydrogen  oxalate  (oxalic  acid)  and  other  oxalates  are  all  made 
artificially.  The  carbon  of  many  organic  substances  yields  oxalic 
acid  when  those  substances  are  boiled  with  nitric  acid,  and  an  alka- 
line oxalate  when  they  are  roasted  with  a  mixtui-e  of  the  hydrates 
of  potassium  and  sodium. 

Experimental  Process. — On  the  small  scale,  a  mixture  of  nitric 
acid  10  parts,  loaf  sugar  2  parts,  and  water  3  parts,  quickly  yields 
the  acid.  Abundance  of  red  fumes  are  at  first  evolved.  On  cool- 
ing, crystals  are  deposited.  A  more  dilute  acid,  kept  waimi,  acts 
more  slowly,  but  yields  a  larger  product. 

Manufacturing  Process. — On  the  large  scale,  sawdust  is  roasted 
with  alkalies,  resulting  oxalate  of  sodium  decomposed  by  lime  with 
formation  of  oxalate  of  calcium,  the  latter  digested  with  sulphuric 
acid,  and  the  liberated  oxalic  acid  (Oxalic  Acid  of  Commerce,  B.  P.) 
made  commercially  pure  by  recrystallization  (Oxalic  Acid  Purified, 
B.  P.). 

Chemically  pure  Oxalic  Acid. — The  acid  made  from  sugar,  recrys- 
tallized  two  or  three  times,  is  quite  pure.  Commercial  acid  should 
be  mixed  with  insufficient  water  for  complete  solution,  and  the  mix- 
ture occasionally  shaken.  Impurities  remain  undissolved,  and  the 
saturated  solution  evaporated  yields  crystals  which  seldom  require 
to  be  recrystallized. 

Quantivalence. — The  elements  represented  by  the  formula 
are  those  characteristic  of  oxalates.    They  form  a  bivalent  group- 
ing ;  hence  normal  oxalates  {iV.fifi^  and  acid  oxalates  (R'lICjO^) 
exist. 

Salt  of  sorrel  is  a  crystalline  compound  of  oxalic  acid  with  acid 
potassium  oxalate,  the  crystals  containing  two  molecules  of  water 
of  crystallization  {KllGfi^,llfi.f)^;m.fy). 

Oxalate  of  iron  (Fcrri  Oxalas,  U.  S.  P.,  reC204,H.p)  is  a  crys- 
talline yellow  powder.  It  may  be  made  by  precipitating  a  solution 
of  sulphate  of  iron  with  an  oxalate.  When  heated  in  contact  with 
air  it  decomposes  with  a  faint  combustion,  and  leaves  a  residue  of 
not  less  than  4'J.3  per  cent,  of  red  oxide  of  iron. 

Anali/ti.cnl  Reactions  {Tests'). 

First  Analytical  Reaction. — To  solution  of  an  oxalate  (oxa- 
27 
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late  of  ammonium,  e.  g.)  add  solution  of  chloride  of  calcium ; 
a  white  precipitate  falls.  Add  to  the  precipitate  excess  of 
acetic  acid ;  it  is  insoluble.  Add  hydrochloric  acid ;  the  pre- 
cipitate is  dissolved. 

The  formation  of  a  white  precipitate  on  adding  a  calcium  or  ha- 
rium  salt,  insoluble  in  acetic  but  soluble  in  hydrochloric  or  nitric 
acid,  is  usually  sufficient  proof  of  the  presence  of  an  oxalate.  The 
action  of  the  liquid  on  litmus-paper,  effervescence  with  carbonate 
of  sodium,  and  absence  of  metals,  would  indicate  that  the  oxalate  is 
that  of  hydrogen,  oxalic  acid. 

Note — The  barium  oxalate  is  slightly  soluble  in  acetic  acid 
(Souchay  and  Lenssen),  and  enough  may  be  dissolved  by  this  acid 
from  a  mixed  barium  precipitate  (produced  on  adding  chloride  or 
nitrate  of  barium  to  a  solution  of  mixed  salts)  to  give  the  foregoing 
reaction  on  adding  chloride  of  calcium  to  the  filtered  acetic  liquid — 
an  effect  sometimes  useful  in  the  analysis  of  mixed  substances 
(Davies). 

Antidote. — In  cases  of  poisoning  by  oxalic  acid  or  salt  of  sorrel, 
chalk  and  water  may  be  administered  as  a  chemical  antidote  (with 
the  view  of  producing  the  insoluble  oxalate  of  calcium),  emetics  and 
the  stomach-pump  being  used  as  soon  as  possible. 

Second  Analytical  Reaction. — Heat  a  fragment  of  any  dry 
common  fixed  metallic  oxalate  (an  oxalate  of  potassium,  for 
example)  in  a  test-tube ;  decomposition  occurs,  carbonic  oxide 
(CO)  (a  gas  that  will  be  noticed  subsequently)  is  liberated, 
and  a  carbonate  of  the  metal  remains.  Add  water  and  then 
an  acid  to  the  residue ;  effervescence  occurs. 

This  is  a  ready  test  for  ordinai-y  insoluble  oxalates,  and  is  trust- 
worthy if,"  on  heating  the  substance,  no  charring  occurs,  or  not  more 
than  gives  a  gray  color  to  the  residue.  Organic  salts  of  metals  de- 
compose when  heated,  and  leave  a  residue  of  carbonate,  but  except 
in  the  case  of  oxalate  the  residue  is  always  accompanied  by  much 
charcoal.  Insoluble  oxalates  and  organic  salts  of  such  metals  as 
lead  and  silver  are,  of  course,  liable  to  be  reduced  to  oxide  or  even 
metal  by  heat.  Such  oxalates  may  lie  decomposed  by  boiling  with 
solution  of  carbonate  of  sodium,  filtering,  and  testing  the  filtrate  for 
oxalates  by  the  chloride-of-calcium  test. 

Other  Analytical  Reactions. — Nitrate  of  silver  gives,  with 

oxalates,  white  oxalate  of  silver  (Ag.^C;i04).  Dry  oxalates 

are  decomposed  when  heated  with  strong  sulphuric  acid,  car- 
bonic oxide  and  carbonic  acid  gas  escaping.  If  much  of  the 
substance  be  operated  on,  the  gas  may  be  washed  with  an  al- 
kali, the  carbonic  acid  be  thus  removed,  and  the  carbonic  oxide 
be  ignited  ;  it  will  be  found  to  burn  with  a  characteristic  bluish 

flame.  Oxalates,  when  mixed  with  water,  black  oxide  of 

manganese  (free  from  carbonates),  and  sulphuric  acid,  yield 
carbonic  acid  gas,  which  may  be  tested  by  lime-water  in  the 
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usual  manner.  Not  only  such  insoluble  oxalates  as  those  of 

load  and  silver,  above  referred,  to,  but  any  common  insoluble 
oxalates,  such  as  those  of  calcium  and  magnesium,  may  be  de- 
composed by  ebullition  with  solution  of  carbonate  of  sodium  ; 
after  ttltration  the  oxalic  radical  will  be  found  in  the  clear  liquid 
as  soluble  oxalate  of  sodium. 

Tent  of  Paritij. — "  Purified  oxalic  acid  ....  is  entirely  dissi- 
pated by  a  heat  below  350°  F."  (B.  P.). 


QUESTIONS  AND  EXERCISES. 

539.  Explain  the  constitution  of  oxalates. 

540.  State  how  oxalates  are  obtained. 

541.  AVhat  is  the  quantivalence  of  the  oxalic  radical? 

542.  Give  the  formula  of  "  salt  of  sorrel." 

543.  Mention  the  chief  test  for  oxalic  acid  and  other  soluble 
oxalates. 

544.  Name  the  antidote  for  oxalic  acid,  and  describe  its  action. 

545.  By  what  reactions  are  insoluble  oxalates  recognized  ? 


TARTARIC  ACID  AND  OTHER  TARTRATES. 

Formula  of  Tartaric  Acid  H^CJi^Oe,  or  H,T. 
Molecular  weight  1 50. 

Source. — Tartrates  exist  in  the  juice  of  many  fruits ;  hut  it  is 
from  that  of  the  grape  that  our  supplies  are  usually  obtained. 
Grape-juice  contains  much  acid  tartrate  of  potassium  (KHCJI^O,,), 
which  is  gradually  deposited  when  the  juice  is  fermented,  as  in 
making  wine;  for  acid  tartrate  of  potassium,  not  very  soluble  in 
ai|U(;ous  liquids,  is  still  less  so  in  spirituous,  and  hence  crystallizes 
out  as  the  sugar  of  the  grape-juice  is  gradually  converted  into 
alcohol.  It  is  found  with  tartrate  of  calcium  lining  the  vessels  in 
which  wine  is  kept ;  and  it  is  from  this  crude  substance,  termed 
uryal  or  argol,  also  from  the  albumenoid  yeasty  matter  or  "  lees  " 
deposited  at  the  same  time,  as  well  as  from  what  tartrate  may  be 
remaining  in  the  marc  left  after  the  juice  has  been  pressed  from  the 
irrapcs,  that  l)y  rough  crystallization  "tartar,"  still  containing  6  or 
7  p(!r  cent,  or  more  of  tartrate  of  calcium  (CaC,,II|0fi,4II,/}),  is  ob- 
tained. From  the  latter  tartaric  acid  and  other  tartrates  are  pre- 
pared. In  old  dried  grapes  (Raisins;  uva;,  B.  P.)  crystalline  masses 
of  tartar  and  of  grape-sugar  are  constantly  met  with. 

Cream  of  Tartar,  purified  by  crystallization  {Polnnsii  Jiifariras, 
U.  S.  P.),  occurs  as  a  "  gritty  white  powder,  or  fragments  of  cakes 
crystallized  on  one  surface;"  of  a  pleasant  acid  taste,  soluble  in  180 
parts  of  cold  and  (1  of  boiling  water,  insoluble  in  spirit.*  "  If  1 
gm.  of  Bitartrate  of  Potassium  be  digested  with  5  c.c.  of  diluted 


*  A  hoiling  sohition  of  tartar  yields  a  floating  crust  of  minute  crys- 
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acetic  acid  for  half  an  hour,  then  diluted  with  distilled  water  to  500 
CO.,  the  solution  agitated  and  filtered,  and  25  c.c.  of  the  filtrate 
treated  with  5  c.c.  of  test-solution  of  oxalate  of  ammouiuin,  the 
liquid  should  not  hecome  cloudy  in  less  than  one  minute,  nor  dis- 
tinctly turbid  in  less  than  one  minute  and  a  half  (absence  of  more 
than  6  per  cent,  of  tartrate  of  calcium)." — U.  S.  P. 

Quantivalence. — The  elements  represented  by  the  formula  C^II^Og 
are  those  characteristic  of  tartrates.  They  form  a  bivalent  group- 
ing;  hence  normal  tartrates  (R'l^T)  and  acid  tartrates  (ll'HT)  exist. 
Tartrate  of  potassium,  the  Potassii  Tartras  of  the  U.  S.  Pharmaco- 
poeia (K2C4ll40g),  and  Rochelle  Salt,  or  tartrate  of  potassium  and 
sodium  (KNaC4li40g,4H20),  the  official  Potassii  et  Soclii  Tartras 
{Soda  Tartarata,  B.  P.),  arc  illustrations  of  normal  tartrates,  while 
Cream  of  Tartar  is  an  example  of  acid  tartrates.  The  only  official 
tartrate  not  apparently  included  in  these  general  formulas  is  tartar- 
emetic  {Antimonium  Tartaratum,  B.  P.,  Antimonii  et  Potassii  Tar- 
tras, U.  S.  P.),  which  is  sometimes  regarded  as  the  double  tartrate 
of  potassium  and  a  hypothetical  radical,  antimonyl  (SbO),  thus, 
KSbOC^FI^Og.  Probably,  however,  it  is  but  an  oxytartrate  of  anti- 
mony (SbjO^T)  with  normal  tartrate  of  potassium  (K^T) ;  for  there 
are  several  oxycompounds  of  antimony  analogous  to  the  oxycom- 
pounds  of  bismuth  that  have  been  described  (p.  249),  normal  salts 
partially  decomposed  by  water  into  oxides,  and  many  of  these  0.^3'- 
compounds  readily  unite  with  normal  salts  of  other  basylous  radicals. 
Tartar-emetic  would  thus  be  oxytartrate  of  antimony,  with  tartrate 
of  potassium  (Sb^O^T.K/r,  or  Sb202C,H,06,K2CJI,06). 

Tartaric  Acid. 

Tartaric  Acid  {Acidum  Tartaricum,  U.  S.  P.)  is  obtained  by 
boiling  cream  of  tartar  (Potassii  Bitartras,  U.  S.  P.)  with  water, 
adding  chalk  till  effervescence  ceases,  and  then  chloride  of  calcium 
so  long  as  a  precipitate  falls  ;  the  two  portions  of  tartrate  of  calcium 
thus  consecutively  formed  are  thoroughly  washed,  treated  with  sul- 
phuric acid,  the  mixture  boiled  for  a  short  time,  resulting  sulphate 
of  calcium  mostly  separated  by  filtration,  the  filtrate  concentrated 
by  evaporation,  any  nulphate  of  calcium  that  may  have  deposited 
removed  as  before,  and  concentration  continued  until  the  solution 
is  strong  enough  to  crystallize.  Tartrate  of  calcium  from  9  ounces 
of  cream  of  tartar  requires  5  ounces  by  weight  of  sulphuric  acid  for 
complete  decomposition. 


tals  on  cooling— ;iust  as  milk  yields  a  floating  layer  of  cream,  hence  the 
term  cream  of  tartar. 

"  It  is  called  tartar,"  says  Paracelsus,  "because  it  produces  oil,  water, 
tincture,  and  salt,  which  burn  the  patient  as  Tartarus  does."  Tartarus  is, 
Latin  (TnpTapoc,  Tartaros,  (ireek)  for  hell.  The  products  of  its  destruc- 
tive distillation  are  certainly  somewhat  irritating  in  taste  and  smell ; 
and  the  "salt"  (carbonate  of  potassium)  that  is  left  is  diuretic,  and, 
in  larger  quantities,  powerfully  corrosive. 
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2KHT    +    CaCO,   =    CaT    +    K,T    +    IT,0    +  CO, 

Aoiil  tartrato  Carhonato  of  Tartrate  of  Tartratu  of  '\\'ater.  Carlionic 
ul'  |Kita.ssiiim.         culciuin.  culciiiiii.        potiuitiiinii.  ac:iil  gan. 

K,/r    +    CaCl^    ^    CaT    +  2KC1 

Tui  trato  of  Cliloriile  of  Tartrate  of  Chloride  of 
potassium.         calcium.  calcium.  putosHiuni. 

2CaT    +    2ir,S0,    =    2CaS0,    +  2II.;r 

Tartrate  of         Sulphuric  Sulphate  of  Tartaric 

calcium.  acid.  calciuiu.  acid. 

Tartaric  acid  occurs  in  trade  in  colorless  crystals,  or  the  same 
powdered.  It  is  strongly  acid  and  readily  soluble  in  water  or  spirit. 
One  part  in  S  of  water  and  2  of  spirit  of  wine  forms  "  Solution  of 
Tartaric  Acid,"  B.  P.    Its  aqueous  solution  is  not  stable. 

Parcels  of  tartaric  acid  often  contain  crystals  of  an  allotropic  or 
physically  isomeric  modification  (vide  "AUotropy"  and  "Isomer- 
ism" in  Index).  It  is  termed  Paratartaric  acid  {■wapa^  para,  be- 
side) or  Racemic  acid  {raceinus,  a  bunch  of  grapes),  and  is  a  com- 
bination of  ordinary  tartaric  acid,  whose  solution  twists  a  ray  of 
polarized  light  to  the  right  hand  (dextrotartaric  or  dextroracemic 
acid),  and  of  Itevotartaric  or  lEevoracemic  acid,  whose  solution  twists 
a  polarized  ray  to  the  left.  Racemic  acid  is  inactive  in  this  respect, 
tiie  opposite  properties  of  its  constituents  neutralizing  each  other. 
Kacemic  acid  is  less  soluble  in  alcohol  than  tartaric  acid. 

Reactions. 
Tartrate  of  Potassium. 

Si/ntheficaJ.  Reaction. — To  a  small  quantity  of  a  strong  so- 
lution of  carbonate  of  potassium  add  acid  tartrate  of  potas- 
simn  so  long  as  effervescence  occurs ;  the  resulting  liquid  is 
solution  of  normal  tartrate  of  potassium  (^Potassii  Tar  Iran, 

U.  S.  P.)  (KjT),  crystals  of  wliicli  may  be  obtained  on  evap- 
oration. 

Note. — This  is  a  common  method  of  converting  an  acid  salt  of  a 
bivalent  acidulous  radical  into  a  normal  salt.  The  carbonate  added, 
need  not  be  a  carbonate  of  the  same,  but  may  be  of  a  different 

metal:  compounds  like  Rochelle  salt  (KNaT)  are  then  obtained. 
Ihus : — 

Tartrate  of  Potassium  and  Sodium. 

To  a  strong  hot  solution  of  carbonate  of  sodium  add  acid 
tartrate  of  potassium  until  effervescence  ceases ;  the  resulting 
li(|uid  is  solution  of  tartrate  of  potassium  and  sodium  ;  on  cool- 
ing, it  yields  crystals.  This  is  the  official  process  (Snt/a 
T.rrfarufa,  B.  P. ;  Pofa.ssii  rt  Sodii  Tartras,  U.  S.  P.) 
(KNaC,HA,4H,0). 

Na.,CO,  +  2KHC,H.0„  =  2KNaCJI,Oo  +  H,0  +  CO., 

Carhoimto  Acid  tai  trate  of  Tartrato  of  potaH-  Water.  Carbonic 

ofHodium.  potassium.  sium  aud  soilium.  acid  gas. 

Cry.stals  of  Rochelle  salt  arc?  usually  halves  of  colorless,  trans- 
27  * 
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parent,  right  rhom))ic  prisms,  slightly  efflorescent  in  dry  air,  soluble 
in  five  parts  of  boiling  water.  Tartrate  of  potassium  is  slightly 
deliquescent,  soluble  in  about  four  parts  of  boiling  water. 

Equivalent  Weights  of  Tartaric  Acid,  Carbonate  of  Potassium, 
Bicarbonate  of  Fotassixim,  Carbonate  of  Sodium,  Bicarbonate 
of  Sodium,  and  Carbonates  of  Ammonium  and  Magnesium ; 
repeated  for  20  parts  of  each  (and,  incidentally,  for  other  pro- 
portions). 
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Tart.  Acid   H2C4H4OB   =  150 


Carb.  Soda  (cryet.). 


Bicarb.  Soda.. 


Carb.  Ammon.. 


Carb.  Potas   K2CO3  (of  84  per  cent.).. 

Bicarb.  Pot   2(KHC03)  

NajCOa.lOHjO  

2(NaHC03)  

(N-4Hi6C30«)-2  

Carb.  Magnes   (MgCO.,)3Mg2HO,4H20.. 


Thus  20  parts  (grains  or  other  weights)  of  tartaric  acid  neutralize 
22  of  carbonate  of  potassium,  26|  of  bicarbonate  of  potassium,  38 
of  carbonate  of  sodium,  22^  of  bicarbonate  of  sodium,  ]5|  of  car- 
bonate of  ammonium,  or  12f  of  carbonate  of  magnesium.  Other 
quantities  of  tartaric  acid  (18},  15,  lOJ,  Kif,  25j,  3Ij)  saturate  the 
amounts  of  salts  mentioned  in  the  other  columns,  and  vice  versa. 
A  similar  Table  for  Citric  Acid  will  be  found  on  page  322,  and  for 
both  acids  in  the  Appendix.  These  Tables  afford  good  illustrations 
of  the  laws  of  chemical  combination  (page  47).  The  reader  should 
verify  a  few  of  the  numbers  by  calculation  from  the  atomic  weights 
of  the  elements  concerned  in  the  reactions,  remembering  that  the 
salts  formed  are  considered  to  be  neutral  in  constitution.  In  med- 
ical practice  effervescing  saline  draughts  are  often  designedly  pre- 
scribed to  contain  an  amount  of  acid  or  alkali  considerably  in  excess 
of  the  proportions  required  for  perfect  neutrality. 

A  common  form  of  Seidlitz  Powder  consists  of  3  parts  of  Rochclle 
salt  (120  grains)  with  1  (40  grains)  of  acid  carbonate  of  sodium  (the 
mixture  usually  wrapped  in  blue  paper),  and  1  (40  grains)  of  tartaric 
acid  (wrapped  in  white  paper).  AVhen  administered,  the  latter  is 
dissolved  in  a  tumbler  rather  more  than  half  full  of  water,  the  former 
added,  and  the  mixture  drank  during  effervescence.  It  will  be  seen 
tliat  the  salts  swallowed  are  tartrate  of  potassium  and  sotlium 

(KNaT,4H20),  tartrate  of  sodium  (Na,T,2II.,0),  and  acid  tartrate 
of  sodium  or  of  potassium.  The  last-mentioned  salt  results  because 
(for  one  reason)  ll^-  per  cent.  (4.V  grains)  of  the  tartaric  acid  is  in 
excess  of  the  quantity  necessary  for  the  formation  of  neutral  tar- 
trate of  sodium.  This  amount  of  acid  salt  gives  agreeable  acidity 
to  the  draught.  The  United  States  formula  (Pulvis  Effcrvescens 
Compositus,  U.  S.  P.)  includes  rather  less  tartaric  acid,  so  that  only 
neutral  salts  are  formed, 
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Analijticul  Reaciions  (7t  s.',s). 

Firat  Annli/fical  Rmction. — To  solution  of  any  normal  tar- 
trate, or  tartaric  acid  made  neutral  by  solution  of  soda,  add 
solution  of  chloride  of  calcium  ;  a  white  precipitate,  tartrate  of 
calcium,  falls.  Collect  the  precipitate  on  a  filter,  wash,  place  a 
small  quantity  in  a  test-tube,  and  add  solution  of  potash;  on 
stirring  the  mixture  the  precipitate  dissolves.  Heat  the  solu- 
tion ;  the  tartrate  of  calcium  is  again  precipitated. 

In  the  above  reaction  a  fair  amount  of  the  chloride  of  cal- 
cium solution  should  be  added  at  once,  and  the  whole  test  per- 
formed without  delay,  or  the  calcium  tartrate  will  assume  a 
crystalline  character,  and  be  with  difficulty  dissolved  by  the 
potash. 

The  solubility  of  tartrate  of  calcium  in  cold  potash  solution 
enables  the  analyst  to  distinguish  between  tartrates  and  citrates, 
otherwise  a  difficult  matter.  Citrate  of  calcium  is  not  soluble,  or. 
only  to  a  very  slight  extent,  in  the  alkali.  The  absence  of  much 
ammoniacal  salt  must  be  insured,  citrate  as  well  as  tartrate  of  cal- 
cium being  soluble  in  solutions  of  salts  of  ammonium. 

Second  Analytical  Rmction. — Acidulate  a  solution  of  a  tar- 
trate with  acetic  acid,  add  acetate  of  potassium,  aud  well  stir 
the  mixture  ;  a  crystalline  precipitate  of  acid  tartrate  of  potas- 
sium slowly  separates. 

This  reaction  is  not  applicable  in  testing  for  very  small  quantities 
of  tartrates,  the  acid  tartrate  of  potassium  being  not  altogether 
insoluble.  The  precipitate  being  insoluble  in  alcohol,  however,  the 
addition  of  spirit  of  wine  renders  the  test  far  more  delicate.  One 
part  of  acid  should  yield  IJ  of  salt. 

Third  Anrdi/ticnl  Reaction. — To  a  neutral  solution  of  a  tar- 
trate add  solution  of  nitrate  of  silver  ;  a  white  precipitate  of 
tartrate  of  silver,  Ag2C4H40c,  falls.  Boil  the  mixture ;  it 
blackens,  owing  to  the  reduction  of  the  salt  to  metallic  silver. 
Or,  before  boiling,  add  a  drop,  or  less,  of  ammonia ;  a  mirror 
will  form  on  the  tube — adhering  well  to  the  glass  if  the  tube 
was  thoroughly  cleansed.  Even  an  insoluble  tartrate,  placed 
in  a  dry  tube  with  a  few  fragments  of  nitrate  of  silver  and  a 
drop,  or  less,  of  ammonia  added,  gives  a  mirror-like  character 
to  each  fragment  of  the  silver  salt  when  the  tube  is  gently 
rotated  some  inches  above  a  flame. 

Fourth  Anali/tical  Reaction. — To  a  neutral  or  alkaline  so- 
lution of  a  tartrate  add  a  few  drops  of  solution  of  permanganate 
of  potas.sium,  and  slowly  heat  the  test-tube ;  the  color  is  dis- 
charged, an  oxide  of  manganese  being  precipitated.  Citrates 
only  reduce  the  permanganate  to  green  manganate. 
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Ollipv  Reaction!^. — Tartrates  heated  with  strong  sulphuric 
acid  char  immediately.  Tartaric  acid  and  the  soluble  tar- 
trates prevent  the  precipitation  of  ferric  and  other  hydrates  by 
alkalies,  soluble  double  tartrates  being  formed  (which  on  evap- 
oration yield  liquids  that  do  not  crystallize,  but,  spread  on  sheets 
of  glass,  dry  up  to  thin  transparent  plates  or  scales).  The 
Ferri  et  Putassii  Tartras,  U.  S.  P.  (^Ftrrum  Tartarafum,  B.  P.), 

is  a  preparation  of  this  kind.  Tartrates  decompose  when 

heated,  carbonates  being  formed  and  carbon  set  free,  the  gaseous 
products  having  a  peculiar,  more  or  less  characteristic  smell, 
resembling  that  of  burnt  sugar. 


QUESTIONS  AND  EXERCISES. 

546.  State  the  origin  of  tartaric  acid  and  other  tartrates,  and 
explain  the  deposition  of  argol,  crude  acid  tartrate  of  potassium, 
during  the  manufacture  of  wiue. 

547.  What  is  the  chemical  formula  and  what  are  the  characters 
of  "cream  of  tartar"? 

548.  Mention  the  formula  and  quantivalence  of  the  tartaric 
radical. 

549.  Write  formulae  of  normal,  acid,  and  double  tartrates,  tartar- 
emetic  being  treated  as  an  oxytartrate  of  antimony  with  tartrate  of 
potassium. 

550.  Give  equations  or  diagrams  illustrative  of  the  production  of 
tartaric  acid  from  cream  of  tartar. 

551.  By  what  general  process  may  normal  or  double  tartrates  be 
obtained  from  acid  tartrate  of  potassium? 

552.  Work  out  sums  proving  the  con-ectness  of  some  of  the  fig- 
ures given  on  p.  318  as  showing  the  saturating  power  of  tartaric 
acid  for  various  quantities  of  different  carbonates,  and  give  dia- 
grams or  equations  of  the  reactions. 

553.  State  the  names  and  work  sums  showing  the  quantities  of 
the  salts  resulting  from  the  admixture  of  120  grains  of  tartrate  of 
potassium  and  sodium,  40  grains  of  acid  carlionate  of  sodium,  and 
40  grains  of  tartaric  acid  (Scidlitz  powder). 

554.  Enumerate  the  tests  for  tartrates,  and  explain  the  effects  of 
heat  on  tartrates  of  the  metals. 


CITRIC  ACID  AND  OTHER  CITRATES. 

Formula  of  Citric  Acid  II.,C„H50j,II,0  or  HjCiAq. 
Molecular  weight  210. 

Source. — Citric  acid  {Acidum  Ciiricum,  U.  S.  P.)  exists  in  the 
juice  of  the  gooseberry,  currant,  cherry,  strawberry,  raspberry 
{itiibus,  U.  S.  P.)  and  many  other  fruits,  and  in  other  parts  of 
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plants.  The  pulp  of  the  fruit  of  Tamarindux  indica  (Tamarindiis, 
U.  S.  P.)  contiiius  fi-oiu  I  to  12  per  cent,  (in  addition  to  l.f)  of  tar- 
taric acid,  i)  of  malic  acid,  and  o  per  cent,  of  acid  tartrate  of  potas- 
sium). But  it  is  from  the  lemon  or  lime  that  the  acid  of  commerce 
is  usually  ohtained.  For  this  purpose  concentrated  lemon-juice  is 
exported  from  Sicily,  concentrated  bcrgamot  juice  from  the  Cala- 
brian  coast  of  South  Italy,  and  concentrated  lime-juice  from  the 
West  Indies.  The  lime-fruit  from  Citrus  hergamia  is  official  in  the 
Pharmacopoeia  of  India. 

Process. — The  British  Pharmacopoeia  directs  that  the  hot  lemon- 
juice  (4  pints)  be  saturated  by  powdered  chalk,  that  is,  whiting  {A\. 
ounces),  the  resulting  citrate  of  calcium  collected  on  a  filter,  washed 
with  hot  water  till  the  liquor  passes  from  it  colorless  (by  which  not 
only  the  coloring-matter,  but  the  mucilage,  sugar,  and  other  con- 
stituents of  the  juice  are  got  rid  of),  then  mixed  with  cold  water 
(1  pint)  decomposed  by  sulphuric  acid  (2^  fluidounces  in  Ij  pints  of 
water),  the  mixture  boiled  for  half  an  hour,  filtered,  the  solution 
evaporated  to  a  density  of  1.21,  set  aside  for  24  hours,  then  poured 
otJ'  from  any  deposit  of  crystalline  sulphate  of  calcium,  further  con- 
centrated, and  set  aside  to  crystallize.  If  the  quantity  of  citrate  of 
calcium  to  be  decomposed  is  indefinite,  the  sulphuric  acid  may  be 
added  until  a  little  of  the  supernatant  fluid  gives,  after  a  minute  or 
two,  a  precipitate  with  solution  of  chloride  of  calcium.  The  con- 
centrated citric  solution  generally  crystallizes  very  slowly.  Shaken 
violently,  however,  in  a  bottle,  with  a  granule  or  two  of  solid  acid, 
it  quickly  yields  its  citric  acid  in  a  pulverulent  form,  and  this, 
drained  and  redissolvcd  in  a  very  small  quantity  of  hot  water,  yields 
crystals  fairly  quickly  (Warington). 

2II,CeIl50,  -f  SCaCOj  =  Ca.,2CBn,07  +  SII^O  -|-  300, 

Citric  iicid         Carbonate  of  Citrate  of  Water.  Carbonic 

(impure).  ciJuium.  calcium.  aciU  gas. 

Ca,,2C6HA  +  3II._,S0,  =  2H.,CJL,0/  -f  3CaS0, 

Citrate  of  Snlpliuric         Citric  acid         Sulpliate  of 

calcium.  acid.  (pure).  calcium. 

Quantivalenr.e. — The  elements  represented  by  the  formula  CgHjO^ 
are  those  characteristic  of  citrates.  They  form  a  trivalent  group- 
ing ;  hence  three  classes  of  salts  may  exist — one,  two,  or  three 
atoms  of  the  ba.sylou.s  hydrogen  in  the  acid,  HjCuIIjO,,  being  dis- 
placed by  eqtiivalent  proportions  of  other  basylous  radicals. 

Citric  acid  itself  is  the  only  citric  compound  of  much  direct  im- 
portance to  the  pharmacist.  It  usually  occurs  in  colorless  crystals 
soluble  in  half  their  weight  of  boiling  and  three-fourths  of  cold 
water,  less  soluljlc  in  s{)irit,  and  insoluble  in  ether.  A  solution  of 
about  34  grains  in  1  ounce  of  water  forms  a  sort  of  artificial  lemon- 
juice.  Citrates  heated  with  strong  sulphuric  acid  to  about  212°  F. 
evolve  carb(mic  oxide  gas,  and  at  higher  temperatures  acetone  and 
carbonic  acid  gas. 

Tlie  artijici.id  production  of  ci trie  acid,  \\m  been  accomplished  by 
(Iriiiiaux  and  Adam,  who  starting  with  glycerin,  produce  certain 
chloro-  and  cyano-derivativos,  and  ultiimitely  citric  acid  itself. 
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Adinn  of  Heat  on  Citric  Acid. — Citric  acid  slowly  heated  first  loses 
its  water  of  crystallization  ;  afterwards  (at  347°  F.)  the  elements  of 
another  molecule  of  water  are  evolved  and  a  residue  obtained  from 
which  ether  extracts  aconitic  acid  (Il3Cgll30B),  identical  with  the 
aconitic  acid  (and  the  acid  first  termed  equisetic)  in  various  species 
of  Aconitnm  and  JEquisetum. 

The  official  Lemon  Juice  {Limonis  Succus,  U.  S.  P.)  is  to  be  freshly 
expressed  from  the  ripe  fruit,  and  to  contain  about  7  per  cent,  of 
citric  acid.  Lime  Juice  contains  an  average  of  7.84  per  cent,  of  citric 
acid,  rarely  rising  to  10  per  cent.,  and  very  seldom  falling  to  7  per 
cent.  Containing  but  little  sugar  and  mucilage,  it  requii-es  no  addi- 
tion of  spirit  to  preserve  it.  Lemon  juice  requires  about  40  per  cent. 
,  of  proof  spirit  to  prevent  fermentation  (Conroy).  The  acidity  may 
be  ascertained  by  adding  solution  of  potash  or  soda  (the  strength  of 
which  has  been  previously  determined  with  pure  crystals  of  citric 
acid)  till  red  litmus-paper  is  fairly  turned  blue.  Before  applying 
this  test  to  commercial  specimens,  the  absence  of  notable  quantities 
of  sulphuric,  hydrochloric,  acetic,  tartaric,  or  other  acid  must  be  in- 
sured by  application  of  appropriate  reagents.  (See  also  "  Lemon 
Juice,"  in  Index.) 

Mistura  Potassii  Citratis,  U.  S.  P.,  is  lemon-juice  completely 
neutralized  by  bicai-bonate  of  potassium.  It  is  a  slightly  impure  but 
flavored  solution  of  citrate  of  potassium. 


Eq_uivaleilt  Weights  of  Citric  Add,  Carbonate  of  Potassium, 
Bicarbonate  of  Potassium,  Carbonate  of  Sodium,  Bicarbonate  of 
Sodium,  and  Carbonates  of  Ammonium  and  Magnesium ;  repeated 
for  20  parts  of  each  (and,  incidentally,  for  other  proportions.) 


Citric  Acid... 
C'arb.  Potas. 
Bicarb.  Pot.. 


(KgCOj.of  84p.  ct.)^2X3  ■ 


Carb.  Sod.  (cryst.)..i(Na2CO3,10H2O)  H-  2  X  3..  ^ 


Carb.  Magues  ;(MgC03)..,Mg2nO,4H„0 

I  H-  8  X  3  : 


210 

20 

17 

U 

9* 

16* 

23* 

•291 

246i 

23i 

20 

n\ 

m 

19| 

28 

m 

300 

28i 

24i 

20 

14 

24 

34 

41* 

429 

40 

34* 

28i 

20 

34i 

481 

60 

252 

24 

20.1 

le* 

11* 

20 

28J 

35 

177 

16* 

14i 

11* 

Si 

14 

20 

24* 

143i 

13i 

11* 

91 

6* 

Hi 

161 

20 

Thus  20  parts  (grains  or  other  weights)  of  citric  acid  neutralize 
of  carbonate  of  potassium,  28J  of  bicarbonate  of  potassium,  40 
of  carbonate  of  sodium,  24  of  bicarbonate  of  sodium,  lf)|  of  carbo- 
nate of  ammonium,  or  Vi\  of  carb.  of  magnesium.  Other  quantities 
of  acid  (17,  14,  9 J,  16f,  23f  '2S)\)  saturate  the  amount  of  salts  men- 
tioned in  the  other  columns,  and  vice  versa. 

This  Table,  the  similar  one  for  tartaric  acid  (p.  318),  and  that  for 
both  acids  (vide  Appendix)  afford  good  illustrations  of  some  of  the 
laws  of  chemical  combination  (p.  47).  The  reader  should  verify  a 
few  of  the  numbers  by  calculation  fi^om  the  atomic  weights  of  the 
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elements  concerned  in  the  reactions,  rememberinf?  tliiit  tlio  salts 
foriiiod  are  considered  to  be  neutral  in  constitution.  In  medical 
practice,  effervescing  saline  draughts  are  often  designedly  proscribcnl 
to  contain  an  amount  of  acid  or  alkali  considerably  in  excess  of  the 
proportions  required  for  perfect  neutrality. 

Analytical  Reactions  (^Tcsts). 

First  Analytical  Reaction. — To  a  dilute  solution  of  any 
neutral  citrate,  or  citric  acid  carefully  neutralized  by  alkali, 
add  solution  of  chloride  of  calcium  and  boil ;  a  white  pre- 
cipitate, citrate  of  calcium  (CajCia),  falls.  Treat  the  precipi- 
tate, as  for  tartrate  of  calcium  (p.  319)  ;  it  is  not  perceptibly 
dissolved  by  the  potash. 

A  mixture  of  citrates  and  tartrates  can  be  separated  by  this  reac- 
tion. They  are  pi-ecipitated  as  calcium  salts,  and  the  rapidly  washed 
precipitate  mixed  with  solution  of  potash,  diluted,  and  filtered ;  the 
filtrate  contains  the  tartrate,  which  is  shown  to  be  present  by  repre- 
cipitation  on  boiling.  The  precipitate  still  on  the  filter  is  washed, 
dissolved  in  solution  of  chloride  of  ammonium,  and  the  solution 
boiled ;  the  citrate  of  calcium  is  rcprecipitated.  The  presence  of 
much  sugar  interferes  with  this  reaction.  A  dilute  solution  of  a 
citrate  is  not  precipitated  by  chloride  of  calcium  until  the  liquid  is 
heated  ;  precipitation  from  a  strong  solution,  also,  is  not  thoroughly 
complete  without  ebullition  of  the  mixture.  This  reaction  is  not 
thoroughly  satisfactory,  citrate  of  calcium  being  slightly  soluble  in 
alkalies,  in  the  solutions  of  salts  produced  in  the  reaction,  and,  to  a 
very  slight  extent,  even  in  cold  water. 

Second  Analytical  Reaction. — To  a  neutral  solution  of  a 
citrate  add  solution  of  nitrate  of  silver ;  a  white  i)recipitate  of 

citrate  of  silver  (Ag:,Ci)  falls.  Boil  the  mixture ;  the  precipi- 
tate does  not  turn  black  as  a  tartrate  of  silver  does,  or  only 
after  long  boiling. 

Third  Analytical  Rcdclion. — To  a  neutral  or  a-lkaline  solu- 
tion of  a  citrate  add  a  few  drops  of  solution  of  permanganate 
of  potassium  and  slowly  heat  the  test-tube  ;  reduction  to  man- 
ganatc  only  occurs,  a  green  or  reddish-green  solution  resulting. 
Tartrates  reduce  the  permanganate  entirely. 

Other  Analytical  Reactions — Citric  acid  forms  no  precipitate 
corresponding  with  the  acid  tartrate  of  potassium.  Lime- 
water,  in  excess,  gives  no  precipitate  with  citric  acid  or  citrates, 
unless  the  solution  is  boiled,  citrate  of  calcium  being  slightly 
soluble  in  cold  but  not  in  hot  water ;  it  usually  precipitates  tar- 
trates in  the  cold.  Citrates,  when  heated  with  strong  sul- 
phuric acid,  do  not  char  immediately.  Citric  acid  and 

citrates  prevent  the  precipitation  of  oxide  of  iron  by  alkalies, 
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soluble  double  compounds  being  formed.    Tbe  Fn-ri  el  Ammo- 

71  a  Citran,  U.  S.  P.,  is  a  jireparation  of  this  kind.  Metallic 

citrates  decompose  when  heated,  carbonates  being  formed  and 
carbon  set  free :  the  odor  of  the  gaseous  products  is  not  so 

characteristic  as  that  of  tartrates.  According  to  Cailletet,  a 

cold  saturated  solution  of  red  chromate  of  potassium  turns  a 
solution  of  tartaric  acid  dark  brown,  carbonic  acid  gas  being 
evolved,  while  a  solution  of  citric  acid  only  slowly  becomes  of 
a  light  brown. 


QUESTIONS  AND  EXERCISES. 

555.  What  is  the  source  of  citric  acid  ? 

556.  Describe  the  method  by  which  citric  acid  is  prepared,  giving 
diagrams. 

557.  Illustrate  by  formulae  the  various  classes  of  tarti-ates  and 
citrates. 

558.  State  the  average  proportion  of  citric  acid  in  lemon-juice. 

559.  Work  out  the  sums  proving  the  correctness  of  some  of  the 
figures  given  on  page  322  as  showing  the  saturating-power  of  citric 
acid  for  various  carbonates. 

560.  AVhat  are  the  tests  for  citrates? 

561.  How  are  the  tartrates  separated  from  citrates? 


PHOSPHORIC  ACID  AND  OTHER  PHOSPHATES. 

Formula  of  Phosphoric  Acid  HsPO^.    Molecular  weight  98. 

Source. — The  source  of  the  ordinary  normal  phosphates  and  of 
phosphorus  itself  {Phosphorus,  U.  S.  P.)  is  the  normal  phosphate 
of  calcium  (Ca32P04).  It  is  the  chief  constituent  of  the  boues  of 
animals,  being  derived  fi-om  the  plants  on  which  they  feed,  plants 
again  obtaining  it  from  the  soil.  Compounds  of  phosphorus  are 
also  met  with  in  the  brain,  nerves,  muscles,  blood,  saliva,  and,  ac- 
cording to  Kirkes,  even  in  tissues  so  simple  that  one  must  assume 
that  the  compounds  arc  necessary  constituents  of  the  substance  of 
the  primary  cell.  They  escape  from  the  system  both  in  the  urine 
and  in  the  faeces. 

Process. — Phosphorus  (P  — 31)  is  obtained  from  bones  by  the 
following  processes :  The  bones  are  burnt  to  remove  all  traces  of 
animal  matter.  The  resulting  bone-carfh  is  treated  with  sulphuric 
acid  and  water,  by  which  an  acid  phosphate  of  calcium  (CaIl42P04), 
often  called  superphosphate  of  lime,  is  j^roduced  : — 

Ca32PO,  +  2H2SO,=--  CaH^2P0,  +  2CaS0,. 

The  acid  phosphate  (strained  from  the  sulphate  and  evaporated  to 
dryness)  is  mixed  with  charcoal  and  sand,  and  heated  to  dull  red- 
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ness  in  an  iron  pot.  At  this  stage  water  escapes  and  metaphosphatc 
of  caloiuui  (Ca^POj,  see  Index)  remains : — 

CaII.,2P04  =  Ca2P03  +  211,0. 

Tlio  mixture  is  then  transferred  to  a  retort,  and  distilled  at  a  strong 
red  heat ;  a  silicate  of  caleinm  (CaSi0.j)  is  formed  and  remains  in 
tiie  retort,  phosphorus  vapor  is  evolved  and  condensed  under  water, 
and  carbonic  oxide  gas  escapes : — 

2(Ca2P03)  +  2SiO.,  +  C,o  =  2CaSi03  +  lOCO  +  K 

It  is  purified  by  melting  under  water  containing  sulphuric  acid  and 
red  chromate  of  potassium. 

Prnperties. — Phosphorus  is  a  "  semi-transparent,  colorless,  wax- 
like solid  (in  sticks  or  cakes),  which  emits  white  vapors  when  ex- 
posed to  the  air.  Specific  gravity  1.  77.  It  is  soft  and  flexible  at 
common  temperatures,  melts  at  110°  F.,  ignites  in  the  air  at  a  tem- 
perature a  little  above  its  melting-point,  burning  with  a  luminous 
flame  and  producing  dense  white  fumes.  It  is  very  poisonous.  In- 
soluble in  water,  but  soluble  in  ether  and  in  boiling  oil  of  turpen- 
tine," also  in  bisulphide  of  cai-bon.  It  is  soluble  in  oil  wbich  has 
I)een  previously  heated  for  a  short  time  to  about  482°  F.  to  expel 
moisture .-  1  part  in  90  parts  of  dried  almond  oil  with  9  pn-ts  of 
ether  constituting  Phosphorated  Oil,  Oleum  FhospJwi-aium,  U.  8.  P. 
A  mixture,  or  rather  a  solution,  of  phosphorus  in  chloroform,  mixed 
with  althea,  acacia,  and  glycerin,  forms  the  official  Phosphorus  Pills 
{Filiilce  Phosphori,  U.  S.  P.). 

Granulated  or  pulverulent  phosphorus  is  obtained  by  placing  a 
portion  under  equal  parts  of  spirit  and  water  in  a  bottle,  standing 
the  l>ottle  in  warm  water  till  the  phosphorus  melts,  then  inserting 
the  stopper  (glass,  not  cork),  and  snaking  the  whole  till  cold. 

Red  or  Amorphous  Phosphorus. — Ordinary  phosphorus  kept  at  a 
k-mperature  of  about  450°  F.,  in  an  atmosphere  from  which  air 
is  excluded,  becbmes  red,  opaque,  insoluble  in  liquids  in  which 
ordinary  phosphorus  is  soluble,  oxidizes  extremely  slowly,  and 
only  ignites  when  heated  to  near  500°  F.  It  is  used  in  the 
manufacture  of  several  varieties  of  lucifcr  matches,  not  emitting 
the  poisonous,  jaw-destroying  fumes  given  by  ordinary  phos- 
phorus. 

Qnantimlenre. — The  atom  of  phosphorus  is  quinquivalent,  as  seen 
in  the  pentachloride  (PCl^)  and  oxy  chloride  (PCI.,0) ;  but  it  often 
exhibits  trivalent  activity,'  as  seen  "in  the  trichloride  (PCI,)  and  tri- 
hydride  (PII3). 

]'h()si)hide  of  Zinc,  Zn^P^  (Ziiiri  Phosphidum,  U.  S.  P.),  occurs 
as  a  grayish-black  powder  or  in  crystalline  fragments  having  a 
metallic  lustre.  It  nniy  be  obtained  Ity  throwing  phosphorus  upon 
melted  zinc. 

Molecular  Weighl. — Phosphorus  is  an  exception  to  the  rule  that 
the  atomic  weights  (in  grains,  grammes,  etc.)  of  elements  occupy 
sitnilar  volumes  of  vapor  at  similar  teinperaturc^s,  the  ('([iiivalent 
W(M<r|it  of  phosphorus  (.'51)  only  giving  lialf  such  a  volume.  Hence 
while  the  nujlecular  weights,  that  is,  double  the  atomic  weights, 
28 
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of  oxygen  (0,^  =  32),  hydrogen  (11.^  =  2),  nitrogen  {i^^  =  2H),  etc., 
give  a  similar  bulk  of  vapor  at  any  given  temperature,  the  double 
atomic  weight  of  phosphorus  (P.^  =  G2)  only  gives  half"  this  Imlk; 
that  is,  four  times  the  atomic  weight  of  phosphorus  must  lie  taken 
to  obtain  the  whole  bulk.  It  would  appear  tlierefoi'e  that  the  mole- 
cule of  phosphorus  contains  four  atoms  (P.,  =  124).  As  with  sul- 
phur, however,  phosphorus  in  the  state  ordinarily  known  to  us  may 
be  abnoruuxl,  and  a  variety  yet  be  found  in  which  the  molecular 
weight  is  double  the  atomic  weight. 

Phosphoric  Acid. 

The  chief  use  of  phosphorus  in  pharmacy  is  the  formation 
of  Diluted  Phcs^jhoric  Acid.  Pliosphorus  is  boiled  with  nitric 
acid  and  water  until  dissolved.  The  solution,  evaporated  to  a 
low  bulk  to  remove  nitrous  compounds,  and  rediluted  so  as  to 
contain  50  per  cent,  of  acid  (H3PO4),  constitutes  the  Aciilum 
Phosphonciim,  U.  S.  P.,  a  colorless  liquid  of  specific  gravity 
1.347.  If  the  necessary  appliances  are  at  hand,  an  ounce  or 
two  of  this  acid  may  be  prepared  by  the  official  process  as 
follows :  Boil  together,  in  a  retort  attached  to  a  Liebig's  con- 
denser, 160  grains  of  phosphorus,  1000  graiiLS  of  the  official 
nitric  acid,  and  1000  grains  of'  water.  When  about  1  oz.  of 
water  has  distilled  over,  it  should  be  returned  to  the  retort, 
and  the  operation  rejjeated  until  the  phosphorus  has  dis- 
appeared. 

3P,  +  2OHNO3  +  8II.,0  =  12H,P0,  +  20NO 

PhoB-         Nitric  acid.  Water.  Phosplioric  Niti  ic 

phoruB.  acid.  oxide. 

The  liquid  remaining  in  the  retort  is  then  transferred  to  a  di.sh 
(preferably  of  platinum),  evaporated  down  to  about  half  an 
ounce,  and,  lastly,  diluted  with  distilled  water  until  the  prod- 
uct weighs  1000  grains. 

One  part,  by  weight,  of  the  official  phosphoric  acid  with 
four  of  water  yields  Acidum  Pliosphnricnm  Di'lufum,  U.  S.  P. 
It  contains  10  per  cent,  of  HaPO^ ;  sp.  gr.  1.057. 

The  use  of  the  water  in  this  process  is  to  moderate  the  reaction. 
Strong  hot  nitric  acid  oxidizes  phosphorus  with  almost  explosive 
rapidity,  hence  the  acid  must  be  diluted  in  the  first  instance,  and  he 
rediluted,  from  time  to  time,  to  prevent  its  becoming  too  strong  by 
loss  of  water.  Time  is  saved  by  using  a  strong  acid,  but  in  that  case 
constant  supervision  is  necessary  in  order  that  water  may  be  added, 
or  the  temperature  otherwise  reduced,  when  the  action  becomes  too 
violent.  Deficiency  of  nitric  aciid  must  also  be  avoided,  or  some 
phosphorous  acid  (irjPIIO^)  will  be  formed. 

Markoe,  also,  to  economize  time,  modifies  the  proce.ss  by  adding, 
for  every  ounce  of  phosphorus,  four  or  five  grains  of  iodine,  and,  drop 
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Fig.  40. 


hy  drop,  twonty-livc  or  thirty  (lr{)ps  of  bromine.  The  iodine  and 
l)roinine  unite  with  the  phosphorus  with  a  readiness  or  even  violence 
tluit  would  he  explosive  if  not  controlled  hy  the  presence  of  the  cold 
fluid — further  cooled,  if  necessarv,  by  inimersinif  the  vessel  in  cold 
water.  Iodide  of  pliosphorus  (PI5)  and  bromide  of  phosphorus 
(i'Brj)  are  at  once  formed.  These,  in  the  presence  of  water,  imme- 
diately yield  hj'driodic  and  hydrol)romic  acids  (HI,  IIBr)  and  plios- 
piioric  acid.  The  nitric  acid  attacks  the  hydriodic  and  hydrobromic 
acids,  forming  the  lower  oxides  of  nitrogen,  which  escape  as  gas, 
water,  and  free  iodine  and  bromine.  The  latter  unite  with  more 
phosphorus,  and  the  reactions  are  repeated.  This  carrying  power  of 
a  little  iodine  or  bromine,  or  both,  would  perhaps  be  indefinitely  pro- 
longed if  no  vapor  of  these  elements  or  their  acids  escaped  with  the 
gases.  The  phosphorus  having  disappeared,  excess  of  nitric  acid  is 
got  rid  of  roughly  by  dropping  in  clean  i"ags  or  paper  (nitric  oxide, 
carbonic  acid  gas,  and  water  being  formed),  and  the  last  f)ortions  ))y 
adding  oxalic  acid  (which  even  still  more  readily  yields  similar  prod- 
ucts). Evaporation  to  a  syrupy  consistence 
finally  removes  all  traces  of  iodine,  bromine, 
oxalic  acid,  and  moisture.  The  product  is 
then  diluted  to  any  requii'ed  extent. 

Experimental  Process. — A  flask,  in  the 
neck  of  which  a  funnel  is  inserted,  and  a 
second  funnel  inverted,  so  that  its  mouth 
rests  within  the  mouth  of  the  first,  is  an 
eflicient  and  convenient  arrangement  of 
apparatus  for  this  process,  especially  if  the 
operation  be  conducted  slowly. 

Solution  of  phosphoric  acid  evaporated  to 
a  specific  gravity  of  1.8.50  yields  a  mass  of 
prismatic  crystals  of  HjPO^,  especially  if  a 
crystal  or  two  be  dropped  into  the  fluid 
ff'ooper).  Further  evaporated,  it  leaves  a 
ri'sidue  which  melts  at  a  low  red  heat,  yield- 
ing pi/ropJiosphoric  add,  and,  finally,  vieta- 
])liospkoric.  acid  (  Glacial  Phosphoric  Acid). 

Phosphoric  acid  is  also  easily  made  from  amorphous  phosphorus 
(Mattison). 

Prepared  from  bones,  phosphoric  acid  is  apt  to  develop  fungoid 
deposits  (Jensen).  Not  more  than  traces  of  arsenicum  or  of  sul- 
jihur  should  })c  present  in  phosphorus,  the  former  detected  hy  sul- 
phuretted hydrogen  and  the  latter  by  chloride  of  barium  solution 
after  the  phosphorus  has  been  converted  by  nitric  acid  into  plios- 
Jihoric  acid  (U.  S.  P.). 

Qiianlivalence. — The  elements  represented  l)y  the  formula  PO,,, 
are  those  characteristic  of  phosphates.  The  grouping  is  trivalent; 
hence  there  may  exist  trimetallic  or  normal  ))hospliates  (M^aPO.,), 
diinetalMc  acid  phosphates  (iVF^lIPO,),  monometallic  acid  phosphates 
(M'll  PO/),  and,  lastly,  trihydric  )>h()s]>hate  (II,|P04)  or  connnon 
phosphoric  acid.  Those  are  the  ordinary  phosphates  or  nrihoj)h(iH- 
pkuf.es  met  with  in  nature  or  used  in  pharmacy:  the  rarer  pyro- 
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phosphates  and  metaphnsphates,  as  well  as  the  phosphites  and 
hypopliosphites,  will  be  mentioned  subsequently. 

Analytical  Reactions  (^Tisls). 

First  Analytical  Reaction. — To  an  aqueous  solution  of  a 
phosphate  ('■.  g.  NaaHP04)  add  solution  of  sulphate  of  mag- 
nesium with  which  chloride  of  ammonium  and  ammonia  have 
been  mixed  ;  a  white  crystalline  precipitate  of  ammonio-mag- 
nesium  phosphate  falls  (MgAmP04). 

Chloride  of  ammonium  is  added  to  prevent  the  precipitation  of 
hydrate  of  magnesium.  Arseniates,  which  have  close  analogy  to 
phosphates,  give  a  precipitate  of  similar  character  with  the  mag- 
nesium reagent. 

Sfcond  Analytical  Reaction. — To  a  neutral  aqueous  solution 
of  a  phosphate  add  solution  of  nitrate'  of  silver ;  light-yellow 
phosphate  of  silver  (Ag^PO^)  is  precipitated.  To  a  portion  of 
the  precipitate  add  ammonia ;  it  dissolves.  To  another  portion 
add  nitric  acid  ;  it  dissolves.  By  this  reaction  phosphates  may 
be  distinguished  from  their  close  allies  the  arseniates,  arseniate 
of  silver  being  of  a  chocolate  color. 

Third  Ana/i/tical  Rea.ctioii. — To  a  solution  (in  a  few  drops 
of  acid)  of  a  phosphate  insoluble  in  water  (e.  //.  Ca32P04)  add 
the  acetate  of  an  alkali-metal  (easily  made  by  adding  to  soda 
or  ammonia  in  a  test-tube  e.xccss  of  acetic  acid),  and  then  a 
drop  or  two  of  solution  of  perchloride  of  iron  ;  yellowish-white 
ferric  phosphate  (Fe^POj)  is  precipitated,  insoluble  in  acetic 
acid.  Too  much  of  the  ferric  chloride  must  not  be  added,  or 
ferric  acetate  will  be  produced,  in  which  ferric  pho.sphate  is  to 
some  extent  soluble. 

To  remove  the  jvhole  of  the  plinsplioric  radical  from  the  solu- 
tion, add  ferric  chloride  so  long  as  a  precipitate  is  produced, 
and  boil ;  ferric  phosjjhate  and  oxyacetate  are  precipitated. 

To  obtain  confirmatory  evidence  of  the  presence  of  pho.sphate 
in  this  precipitate,  and  to  separate  the  phosphoric  radical  as  a 
pure  unmixed  phosphate,  collect  the  precipitate  on  a  filter, 
wash,  drop  some  solution  of  ammonia  on  it,  then  sulphydrate 
of  ammonium,  and  finally  wash  with  water;  black  ferrous  sul- 
phide remains  on  the  filter,  while  phosphate  of  ammonium 
occurs  in  the  filtrate.  To  the  filtrate  add  a  mixture  of  solutions 
of  sulphate  of  magnesium  and  chloride  of  ammonium,  and 
well  stir ;  amnionio-magnesian  phosphate  is  precipitated. 

Fourth,  Analytical  Reaction. — To  diluted  nitric  acid  add  a 
little  phosphate  of  calcium  (or  any  other  phosphate),  and  then 
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solution  of  niolybdate  of  aiiiinoiiiuni,  and  gently  heat;  a  yel- 
low precipitate  falls. 

This  precipitate  contains  what  is  termed  phospho-molyl)dic  acid, 
l)iit  is  a  compound  of  nu)lybdic  acid  with  phosphoric  acid  (about  4 
per  cent,  of  ll^POj)  and  ammonia  (nearly  7  per  cent.). 

Molybdate  of  ammonium  is  obtained  by  roasting  the  native 
sulphide  of  molybdenum  (MoS.^)  to  molybdic  oxide  or  anhydride 
(M0O3),  dissolving  the  latter  in  water,  adding  ammonia,  evaporating, 
and  crystallizing. 

Molybdates  having  the  following  formulte  (M  =  1  univalent  atom 
of  any  metal)  have  been  obtained  :  MjMoO^ ;  MIIMoO^ ;  MUMoO^, 
II^MoO^.  According  to  Carrington,  commercial  molybdate  of  am- 
monium is  commonly  the  intermediate  of  these  three  salts.  Molyb- 
date of  sodium  has  the  formula  N^ajMoO^jHjO. 

Note. — The  foregoing  two  reactions  are  useful  in  the  analysis  of 
bone-earth,  other  earthy  phosphates,  phosphate  of  iron,  and  all 
phosphates  insoluble  in  water.  Only  arseniates  give  similar  appear- 
ances ;  but  the  acid  solution  of  these  may  be  decomposed  by  agitation 
with  sulphurous  acid  and  subsequent  treatment  with  sulphuretted 
hydrogen,  arsenious  sulphide,  AsjSj,  being  then  precipitated. 

Other  Aiialj/tical  Reactions. — Solutions  of  barium  and  cal- 
cium salts  give,  with  aqueous  solutions  of  phosphates,  white 
precipitates  of  the  respective  phosphates  BaHPOj,  or  Ba32P04, 
and  CaHPO,,,  or  Ca32P04,  all  of  which  are  .soluble  in  acetic 
and  the  stronger  acids. 


QUESTIONS  AND  EXERCISES. 

f>C)2.  State  the  source  of  pho.sphorus. 

Give  equations  or  diagrams  explanatory  of  the  isolation  of 
phosphorus  from  its  natural  compounds. 

.564.  What  is  the  composition  of  farmers'  "superphosphate,"  and 
how  is  it  prepared  ? 

Enumerate  the  properties  of  phosphorus. 

.5f)G.  Mention  some  solvents  of  phosphorus. 

.507.  How  is  the  official  Diluted  Phosphoric  Acid  made? 

.508.  Describe  the  precautions  necessary  to  be  observed  in  making 
this  acid. 

.509.  What  is  the  strength  of  the  official  acid? 

570.  Writ(!  formula)  illustrative  of  all  classes  of  orthophosphatcs. 

571.  Mention  the  chief  tests  for  .soluljle  and  insoluble  jihosphatos. 
•572.  By  what  reactions  may  phosphates  be  distinguished  from 

arseniates  ? 


Vanndlmn,  V.  51.3,  is  a  very  rare  element,  and  is  here  men- 
tioned only  becau.se  of  its  exceedingly  interesting  relationship 
to  nitrogen,  pho.sphorus,  atul  ar.scnicum.    Discovered  but  not 
2,s  * 
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isolated  by  Sefstrom,  and  its  compounds  investigated  by  Berze- 
lius,  it  bus  only  of  late  years  been  obtained  in  tbe  free  state 
and  fully  studied  by  Roscoe. 


Oxides  of  Nitrogen. 
N.O^,  N,0„  N,0,,  N,0„  N,0. 

Orthophospbates  R/POj 
Pyrophosphates  li/PjO; 
Metaphosp hates   ,  R'POj 


Oxides  of  Vanadium. 

v.o„  V,0,  V,0„,  V,0„  V,0 

Orthovanadates  R./VO, 
Pyrovanadates  R/V.^O, 
Metavanadates  R'VOa 


Isomorphous  Minerals. 
Apatite  3(Ca,2PO0,CaFl, 
Pyromorphite  3(Pb;,2PO0,PbCl2 
Mimetesite  3(Pb32As04),PbCl2 
Vanadinite  3(Pb32V04),PbCl, 

BORACIC  ACID  AND  OTHER  BORATES. 

Formula  of  Boracic  Acid  II3BO3.    Molecular  "weight  62. 

Thj  composition  of  artificial  boracic  acid  is  expressed  by  the  for- 
mula H3BO3  {Acidiim  Boriciun,  U.  S.  P.) ;  but  at  a  temperature  of 
212°  F.  this  body  loses  the  elements  of  water  and  yields  metaboracic 
acid,  IIBO.j,  which  at  higher  temperatures  becomes  boracic  anhydride 
(B.^OJ.  The  latter  acid  exists  in  the  jets  of  steam  {fumerolles  or 
is/ijfioni)  that  issue  from  the  earth  in  some  districts  of  Tuscany,  and 
collects  in  the  water  of  the  lar/oni  (lagoons  or  little  lakes)  formed  at 
the  orifices  of  the  steam-channels,  'i'his  acid  liquid,  evaporated  by 
aid  of  the  waste  natural  steam  and  neutralized  by  carbonate  of  so- 
dium, gives  common  borax  (2NaB02,2IIB02, 911,0),  possibly  an  acid 
metaborate  of  sodium  with  water  of  crystallization.  It  occurs  in 
transparent  colorless  crystals,  sometimes  slightly  eflloresced,  with  a 
weak  alkaline  reaction  ;  insoluble  in  rectified  spirit,  soluble  in  water." 
Native  borax,  or  tinral,  and  other  borates  are  also  found  in  Thibet,  in 
Nevada,  Peru,  Chili,  and  i-ecently  in  California,  in  the  Clear  Lake 
district.  The  introduction  of  the  natural  borax  from  California  htis 
reduced  the  price  to  al)Out  one-half  its  former  amount.  This  l)orax 
is  represented  as  forming  large  portions  of  the  crystalline  bed  of  a 
dried-up  lake.  Fused  borax  readily  dissolves  metallic  oxides,  as 
will  have  been  already  noticed  in  testing  for  cobalt  and  manganese. 
Hence,  besides  its  use  in  medicine  (Sadii  Boras,  U.  S.  P.),  it  is  em- 
ployed as  a  flux  in  refining  and  other  metallurgic  and  ceramic 
operations. 

Quantivalenr.c. — The  boracic  radical  is  trivalent  (BO.,'^'),  the 
metaljoracic,  univalent  (BO^^);  they  have  not  been  isolati'd.  The 
element  boron,  like  carbon,  occurs  in  the  anuirphous,  graphitoidal, 
and  crystalline  conditions.  It  is  a  trivalent  element  (B'^^),  yielding 
definite  salts,  such  as  the  chloride  (BCL,)  and  fluoride  (Bbj).  Its 
atomic  weight  is  11. 
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Reactions. 

First  Synthetical  Reaction. — To  a  hot  solution  of  a  crystal 
of  borax  add  a  few  drops  of  sulphuric  acid  and  set  aside  ;  on 
cooling,  crystalline  scales  of  boracic  acid  (H3BO.,)  are  deposited. 
They  may  be  purified  by  collecting  on  a  filter,  slightly  washing, 
drying,  digesting  in  hot  alcohol,  filtering,  and  setting  aside ; 
pure  boracic  acid  (B.  P.)  is  deposited.  The  acid  may  also  be 
recrystallized  from  water.  Fifty  grains  dissolved  in  one  ounce 
of  rectified  spirit  constitute  "  Solution  of  Boracic  Acid,"  B.  P. 

Boracic  acid  is  a  very  weak  compound.  It  only  slowly  decomposes 
carbonates,  and  resembles  alkaline  substances  in  coloring  turmeric 
brown.  Indeed  the  alkalinity  of  borax  is  as  great  as  if  it  contained 
no  acidulous  radical.  Boracic  acid  is  said  to  be  itself  an  antiseptic, 
l)ut  Endemann  states  that  in  preserving  foods  it  acts  by  converting 
phosphates  into  acid  phosphates,  and  that  the  latter  are  the  antisep- 
tic principles. 

Second  Si/nthetical  Reaction. — Mix  together  1  part  of  boracic 
acid,  4  of  acid  tartrate  of  potassium,  and  10  or  20  of  water; 
evaporate  to  a  syrupy  consistence,  spread  on  plates,  and  set  aside 
for  dry  scales  to  form.  The  resulting  substance  is,  in  water,  far 
more  readily  soluble  than  either  of  its  constituents,  and  is 
known  as  boro-tartrate  of  potassium  or  soluble  cream  of  tartar. 
The  Prussian  fartarus  boraxatus  diffei's  from  the  foregoing 
French  variety  in  containing  1  part  of  boi-ax  to  3  of  acid  tar- 
trate of  potassium. 

Anali/tical  Reactions  (^Tests). 

First  Annli/fical  Reaction. — Dip  a  piece  of  turmeric-paper 
(paper  soaked  in  tincture  of  turmeric  tubers  and  dried)  into  a 
solution  of  boracic  acid ;  it  is  colored  brown-red,  as  by  alkalies. 

Tiie  usual  way  of  applying  this  test  is  as  follows :  Add  to  a  solu- 
tion of  any  borate  a  few  drops  of  hydrochloric  acid  ;  immerse  half  of 
a  slip  of  turmeric-paper  in  the  liquid,  then  remove  the  hydrochloric 
acid  by  drying  the  paper  over  a  flame.  Concentrated  hydrochloric 
acid  and  ferric  chloride  produce  a  somewhat  similar  effect. 

Second  Analytical  Reaction. — To  a  fragment  of  a  borate  or 
metaborate  (borax,  for  example)  in  a  small  dish  or  watch-glass 
add  a  drop  of  sulphuric  acid,  and  then  a  little  alcohol,  warm 
the  mixture  and  set  light  to  the  spirit  ;  the  resulting  flame 
will  be  tinged  of  a  greenish  color  at  its  edges  by  the  volatilized 
boracic  acid  or  boracic  anhydride. 

The  liquid  should  be  well  stirred  while  burning.  Salts  of  copper 
and  some  metallic  chlorides  produce  a  somewhat  similar  color.  The 
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flame  test  may  also  ])c  applied  to  a  little  of  a  mixture  of  the  borax 
with  strong  sulphuric  acid  on  a  platinum  wire.  Glycerin  may  he 
used  in  place  of  sulphuric  acid  (lies). 

.  0/hn-  Anah/t.lcal  Rp.udinvs. — In  solutions  of  borax  harium 
salts  give  a  white  precipitate  of  barium  mctaborate  (Ba^BOj) 
soluble  in  acids  and  alkaline  salts.  Nitrate  of  silver  gives 
luetaborate  of  silver  (AgBO.j)  soluble  in  nitric  acid  and  in 
ammonia.  Chloride  of  calcium,  if  the  solution  is  not  too  di- 
lute, gives  white  borate  of  calcium. 


QUESTIONS  AND  EXERCISES. 

573.  Illustrate  the  relation  of  vanadium  to  nitrogen  by  formuliB  of 
compounds  of  each  element. 

574.  Describe  the  preparation  of  borax. 

575.  Give  the  formulae  of  boracic  acid,  metaboracic  acid,  and 
borax. 

576.  Mention  the  tests  for  borates  or  metaborates. 


.  The  foregoing  acids  and  other  salts  contain  the  only  acidulous 
radicals  that  are  commonly  met  loith  in  anali/sis  or  in  ordinary 
medical  or  jj/iarmaceutical  operations.  There  are,  however,  many 
others  tvhich  occasionally  present  themselves.  The  chief  of  these 
will  noic  he  shortly  noticed ;  they  are  arranged  in  alphabetical  order 
to  facilitate  reference. 


SALTS  OF  RARER  ACIDUIOITS  RADICALS. 

Anemonic  Acid. — Pidsntilla,  U.  S.  P.,  is  the  official  name  for  the 
herbs  of  Anemone  Pulsatilla,  A.  pratensis,  and  A.  patens.  These, 
together  with  several  species  of  Eanvncvlus,  on  distillation  witli 
water  yield  a  heavy,  yellow,  acrid  oil,  which,  in  contact  with  water, 
yields  crystalline  poisonous  anemonin  (C,5lli,0e)  and  amorphous 
anemonic  acid  (CjjHj^O,). 

Benzoic  Acid  (HC7H5O.,)  and  other  Benzoates. — Slowly 
heat  a  fragment  of  benzoin  (Gum  benzoinum)  (Benzoinnin, 
U.  S.  P.)  in  a  test-tube  ;  benzoic  acid  (Acii/um  Benzoicum,  U.  S. 
P.)  rises  in  vapor  and  condenses  in  small,  white,  feathery  plates 
and  needles,  on  the  cool  sides  of  the  tube.  If  the  benzoin  is 
first  mixed  with  twice  its  weight  of  sand  or  rougldy  powdered 
pumice-stone,  and  the  heat  very  cautiously  applied,  the  product 
will  be  less  likely  to  be  burnt,  and  a  larger  quantity  be  yielded. 
By  repeated  sublimation  10  to  15  per  cent,  may  be  obtained. 

A  more  economical  process  is  to  boil  the  benzoin  with  one- 
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fourth  of  its  weight  of  lime,  filter,  concentrate,  decompose  the 
solution  of  benzoate  of  calcium  by  hydrochloric  acid,  collect 
the  precipitated  benzoic  acid,  press  between  paper,  dry  and 
sublime  in  a  tube  or  other  vessel. 

+    Ca2H0    =    Ca2C,H50,    +  2H,0 

Ui'UZDic  iiuid  Hydrate  of  Ueiizoiite  of  Water, 

(iiiipiiru).  calcium.  culciuui. 

Ca2C;Il30,    +    2HC1    =    CaCl,    +  211C,1I,0^ 

Benzoute  of  Hydrocliloric        Cliloi  ido  of  Benzoic  acid 

calcium.  acid.  calcium.  (pure). 

There  is  always  associated  with  the  product  a  minute  quantity  of 
a  volatile  oil  (.styrol  ?)  of  agreeable  odor,  suggesting  that  of  hay. 

Benzoic  acid  is  also  prepared  on  a  large  scale  artificially  from 
naphthalene,  one  of  the  crystalline  by-products  in  the  distillation  of 
i  i)al  for  gas.  The  naphthalene  is  oxidized  by  nitric  acid  to  naphthalic 
or  phthaiic  acid  : — 

C,„TI«   +   40,   =   H,CJI,0,    +  H,C,0, 

Naplithaleue.      Oxygeu.         Plithalic  acicl.  Oxalic  acid. 

The  phthaiic  acid  is  neutralized  by  lime,  and  the  phthalate  of  calcium 
heated  with  hydrate  of  calcium  in  a  covered  vessel  at  a  temperature 
of  about  640°  F.  for  several  hours.  Benzoate  and  carbonate  of  cal- 
cium are  formed,  and  from  the  powder  the  benzoic  acid  is  set  free, 
by  action  of  hydrochloric  acid. 

2CaCsH,0,   +    Ca2H0   =   Ca2CTlT50.,    +  2CaC03 

Phthalate  of  Hydrate  of  Benzoate  of  Carbonate  of 

calcium.  calcium.  calcium.  calcium. 

The  cry.stalline  deposit  formed  when  essential  oil  of  almonds 
(hydride  of  benzoyl  or  benzoic  aldehyd)  is  exposed  to  the  air  is 
benzoic  acid. 

20711,011    +    0,    =    20,1150110    or  2HO7H5OJ 

Hydride  of  Oxygen.  Hydrate  of  Benzoic 

benzoyl.  benzoyl.  acid. 

Benzoic  acid  is  also  obtained  from  hippuric  acid  (p.  336).  Such 
acid,  if  not  thoroughly  purified,  may  have  an  urinoid  odor.  Jacob- 
son  prepares  benzoic  acid  from  benzotrichloride  (trichloromethyl- 
honzol,  0,.1I,C(  II3),  one  of  the  trichlortoluenes,  by  heating  with  gla- 
cial acetic  acid  and  chloride  of  zinc.  This  acid,  if  not  very  highly 
f)urificd,  may  give  a  green  color  to  flame  when  placed  on  platinum 
wire  with  a  little  oxide  of  copper.  In  artificial  benzoic  acid  the 
fragrant  volatile  oil  characteristic  of  the  natural  acid  is,  of  course, 
absent;  while, in  some  specimens  the  odor  of  oil  of  bitter  almond 
may  be  detected. 

Bi-vznat.e  of  Avimovinm. — To  a  little  benzoic  acid  add  a 
few  drops  of  solution  of  ammonia ;  it  readily  dissolves,  form- 
ing benzoate  of  ammonium  (^Ammonii  Bcnzoas,  U.  S.  P.) 
(NH,C,HA). 
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HCJIA    +    NH4HO    =    NII,C,1IA    +  H,0 

Benzoic  acid.  Aiiiuiuuia.  Bciizoate  of  Water. 

aiiiuioiiiuin. 

On  evaporation,  acid  crystals  or,  ammonia  being  added,  neu- 
tral crystals  of  benzoate  of  ammonium  are  deposited.  Benzoate 
of  sodium  (^Sodii  Benzoas,  U.  S.  P.),  NaC7H502,H.^O,  may  be 
similarly  prepared. 

Properties. — Benzoic  acid  is  also  soluble  in  other  alkaline 
liquids,  forming  benzoates.  It  is  slightly  soluble  in  cold  water, 
more  so  in  hot,  and  readily  soluble  in  rectified  spirits.  It 
melts  at  248°  F.,  and  boils  at  462°,  volatilizing  with  only  a 
slight  residue.  Heated  with  lime  it  yields  benzol.  It  dis- 
solves in  cold  oil  of  vitriol  without  decomposition,  is  again 
deposited  on  dilution,  and  the  traces  of  odoriferous  and  other 
substances  present  in  the  acid  from  benzoin  only  slightly  color 
the  fluid,  even  on  gently  warming. 

Tests  for  Benzoates. — To  a  portion  of  the  above  solution  of 
benzoate  of  ammonium  add  a  drop  or  two  of  sulphuric  or  hydro- 
chloric acid ;  a  white  crystalline  precipitate  of  benzoic  acid 
separates.  To  another  portion,  carefully  made  neutral,  add  a 
drop  or  two  of  neutral  solution  of  perchloride  or  persulphate 
of  iron ;  reddish  ferric  benzoate  is  precipitated. 

t'iiinamic  Acid  (CgHgOj). — Benzoic  acid  is  distinguished 
from  an  allied  body,  cinnamic  acid  (occurring  in  Balsams  of 
Peru,  Tolu,  and  Storax,  and  sometimes  in  Benzoin),  by  not 
yielding  hydrate  of  benzoyl  (C7H5OH)  (oil  of  bitter  almonds) 
when  distilled  with  chromic  acid— that  is,  with  a  mixture  of 
red  chromate  of  potassium  and  sulphuric  acid — or  when  rubbed 
with  half  its  weight  of  permanganate  of  potassium.  Old  hard 
balsam  of  tolu  yields  it  on  boiling  with  lime  and  water  and 
percipitating  by  hydrochloric  acid.  Jacobsen  makes  it  arti- 
ficially by  the  prolonged  reaction  of  glacial  acetic  acid  and  ben- 
zodichloride  in  the  presence  of  chloride  of  zinc. 

Carminic  Acid  (CijIIi^Og). — This  is  the  coloring  principle  of 
cochineal  {Coccus,  U.  S.  P.).  The  carmine  of  trade,  when  unadul- 
terated {vide  Pharmaceutical  Journal,  1859-60,  p.  546),  is  caniiinic 
acid  united  with  one  or  two  per  cent,  of  alumina,  or,  occasionally, 
of  oxide  of  tin  or  albumen.  It  should  be  wholly  soiul)lc  in  solu- 
tion of  ammonia,  giving  an  apparently  clear  rich  purple  tluid.  Car- 
mine, with  French  chalk,  or  starch,  constitutes  face-rouge  or  animal 
rouije. 

Merrick  tests  the  relative  value  of  several  samples  of  cochineal 
or  carmine  by  observing  how  much  solution  of  porinanganatc 
of  potassium  is  required  to  change  the  color  of  a  decoction  to 
faint  pink. 

Cetraric  Acid  (ri2034lT3oOi6)  is  the  bitter  principle  of  Iceland 
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moss  {Ceiraria,  U.  S.  P.).  In  tin;  liclion  it  is  associated  with  much 
starch. 

CiiRVSOiMiANic  Acid  (C,.,II„|0|). — This  acid  is  the  cliief  cnloring- 
mattor  of  various  species  of  rliubarli-root  (Rheum,  IJ.  S.  P.),  and, 
un(hn-  the  name  of  paricliiiic  arid,  of  various  common  yellow 
lichens.  Tlie  author  also  foiind  it  to  form  four-fifths  of  old  "  Chrys- 
arohine,"  a  name  j^iven  by  Kemp  to  the  pith,  etc.  of  a  leguminous 
tree  {Andira  Araroha).  Chrysarobine  or  cnjsarohin  {CItrijsnrohinum, 
U.  S.  P.)  is  also  known  as  Araroba  Powder,  Bahia  Powder,  Brazil 
Powder,  Goa  Powder,  and  Ringworm  Powder.  Recent  chrysarobin 
has  been  shown  by  Liebermann  and  Seidler  to  have  the  formula 
CjQiIjgO, ;  this,  by  oxidation  and  elimination  of  water,  yields  the 
chrysophanic  acid  occurring  in  old  chrysarobin.  Chrysophanic  acid 
may  be  obtained  in  crystals  of  a  golden-yellow  color,  hence  the 
name  (from  xpv<yog,  chnisos,  gold,  and  (pnivu,  phaiiw,  I  shine).  Its 
synonyms  are  Rhaponticin,  Rheic  acid,  Rhein,  Rheumin,  Rheubarlr- 
a l  ie  acid,  Rheuharbarin,  Rnmicin.  Chrysophanic  acid,  black,,  red- 
brown,  and  red  resins  {Aporeiine,  PhcEoretine,  and  Eriithroretine),  a 
bitter  principle,  and  tannic  acid,  are  considered  to  be  the  conjoint 
source  of  the  therapeutic  properties  of  rhubarb.  Chrysophanic  acid 
is  also  contained  in  several  species  of  Rmnex  or  Dock.  "Rumicin" 
is  a  name  given  to  a  preparation  of  the  root  of  Rmnex  crispus,  or 
Yellow  Dock  {Rmnex,  U.  8.  P.). 

CoRNic  Acid,  or  Cornin. — This  is,  according  to  Geiger,  the  crys- 
talline bitter  principle  of  the  bark  (Cormis,  U.  S.  P.)  of  Cornus  Jior- 
ida.    A  crystalline  resin  is  also  present. 

Cyanic  Acid  (HCyO)  and  other  Cyanates. — The  valu- 
able reducing  power  of  cyanide  of  potassium  (KCy)  (or  ferro- 
cyanide,  K4Fcy)  on  metallic  compounds  is  due  to  the  avidity 
with  which  cyanate  (KCyO)  is  formed. 

Process. — Fuse  a  few  grains  of  cyanide  of  potassium  in  a 
small  porcelain  crucible,  and  add  powdered  oxide  of  lead ;  a 
globule  of  metallic  lead  is  at  once  set  free,  excess  of  the  oxide 
converting  the  whole  of  the  cyanide  of  potassium  into  cyanale 
of  potassium.  .  \:i 

TTrcn. — Cyanate  of  potassium  (KCNO),  or,  better,  cyanate  of  leixd 
(Pb'iCNO),  treated  with  sulphate  of  ammonium,  yields  cya1iate~  of 
ammonium  (NIIjCNO);  and  solution  of  cyanate  of  ammonium, 
when  simply  heated,  changes  to  artificial  rirea  (CII,N.p),  the 
most  important  constituent  of  urine,  and  the  chief  form  in  which 
the  nitrogen  of  food  is  (diminated  from  the  animal  system.  The 
process  will  be  more  fully  described  subsequently  in  connection 
with  Urea. 

Formic  Acid  (riCIIO.^. — The  red  ant  {Formica  rufa)  and  several 
other  insects,  when  irritated,  (ijcct  a  strongly  a(!id,  acrid  liquid,  hav- 
ing a  composition  exj)ressed  by  the  above  formula,  and  which  has 
appropriately  received  the  name  of  formic  acid  ;  it  is  also  contained 


336        SALTS  OF  RAREE  ACIDULOUS  RADICALS. 


in  the  leaves  of  the  stinging-nettle.  (According  to  Church  the  sting 
of  the  wasp  is  alkaline.) 

Process. — It  may  be  artificially  prepared  by  heating  equal 
weights  of  oxalic  acid  and  glycerin  to  a  temperature  of  from 
212°  to  220°  F.  for  fifteen  hours,  and  then  distilling  the  mix- 
ture with  a  considerable  volume  of  water.  The  formic  acid 
slowly  passes  over,  the  glycerin  being  regenerated.  The  dilute 
acid  may  be  concentrated  by  neutralizing  with  carbonate  of 
lead,  filtering,  evaporating  to  a  small  bulk,  collecting  the 
deposited  crystalline  formate  of  lead,  drying,  decomposing  in  a 
current  of  sulphuretted  hydrogen,  separating  the  resulting 
syrupy  acid,  and  passing  air  through  the  product  until  all  sul- 
phuretted hydrogen  is  removed.  The  following  are  the  chief 
reactions : — 

CaH.SHO    +    H,C,0,    =    CHjHOCO^    +  2H,0 

Glycerin.  Oxalic  Ilyrlrato-nxalate  Water, 

acid.  of  glyceryl. 

C,H,HOCA  +  2H,0  =  C,H,3H0  +  HCHO,  -f  CO, 

Hydrato-oxalate  Water.  Glycerin.  Formic  Carbonic 

of  glyceryl.  acid.  anhydride. 

Formic  acid  may  be  instructively  though  not  economically  pre- 
pared by  the  oxidation  of  methylic  alcohol  (wood  spirit),  just  as 
acetic  acid  and  valerianic  acid  are  obtained  from  ethylic  alcohol  and 
amylic  alcohol  respectively. 

CII3HO     +     0.,     =    HCHO.,    -f-  H,0 

Wood-  Oxygen.  Formic  Water. 

Bpirit.  acid. 

Tests. — Formic  acid  does  not  char  when  heated  alone  or  with  sul- 
phuric acid,  but  splits  up  into  carbonic  oxide  gas  and  water.  It 
is  recognized  by  this  property  and  by  its  reducing  action  on 
salts  of  gold,  platinum,  mercury,  and  silver.  It  is  solid  below 
32°  F. 

Gallic  Acid. — See  Tannic  Acid. 

Hemidesmic  Acid. — The  supposed  active  principle  of  hemi- 
desmus  root  (^Hemidesmi  radix,  B.  P.). 

HipPURic  Acid  (HCjITgNOj)  is  a  constituent  of  human  urine 
(much  increased  on  taking  benzoic  acid),  but  is  best  prepared  from 
the  urine  of  the  horse  (hence  the  name,  from  'i-Kog,  hij)pos,  a  horse), 
or,  better,  from  that  of  the  cow.  To  such  urine  add  a  little  milk  of 
lime,  boil  for  a  few  minutes,  remove  precipitated  phosphates  by  fil- 
tration, drop  in  hydrochloric  acid  until  the  liquid,  after  well  stirring, 
is  exactly  neutral  to  test-paper,  concentrate  to  about  one-eighth  the 
original  bulk,  and  add  excess  of  strong  hydrochloric  acid  ;  impure 
hippuric  acid  is  deposited.  From  a  solution  of  the  impure  acid  in 
hot  water  chlorine  gas  removes  the  color,  and  the  liquid  deposits 


FERROCYANIDES. 


337 


crystals  of  pure  hippuric  acid  on  cooling.  Its  constitution  is  that  of 
benzoic  glijcocine,  Cjir,lI,,(C.n60)N0,. 

Tests. — To  a  solution  of  hippurate  add  neutral  solution  of  ferric 
chloride ;  a  brown  precipitate  (ferric  hippurate)  results.  Salts  of 
silver  aiul  mercury  give  white  precipitates.  Heat  hippuric  acid  in 
a  test-tube  ;  it  chars,  benzoic  acid  sul)limes,  and  vapors  of  charac- 
teristic odor  are  evolved ;  they  contain,  amongst  other  bodies,  hy- 
drocyanic acid  and  a  substance  smelling  somewhat  like  Tonka  bean. 

 The  ci-ystalline  form  of  hippuric  acid  is  characteristic  ;  it  will  be 

described  iu  connection  with  the  subject  of  urine. 


QUESTIONS  AND  EXERCISES. 

577.  Give  the  preparation,  composition,  properties,  and  tests  of 
benzoic  acid,  employing  equations  or  diagrams. 

578.  What  is  the  nature  of  carmine  ? 

579.  Name  the  bitter  principle  of  Iceland  moss. 

580.  Mention  the  coloring  principle  of  rhubarb. 

581.  To  what  is  rhubarb  considered  to  owe  its  medicinal  activity? 

582.  How  is  cyanate  of  potassium  prepared,  how  converted  into 
an  ammonium  salt,  and  what  are  the  relations  of  the  latter  to  urea? 

583.  Give  the  formulas  of  cyanic  acid,  cyanate  of  ammonium,  and 
urea. 

584.  What  is  the  chemical  formula  of  formic  acid  ? 

585.  Describe  the  artificial  production  of  formic  acid. 

586.  Describe  the  relation  of  formic  acid  to  wood  spirit. 

587.  State  the  sources,  characters,  and  tests  of  hippuric  acid. 


HvDROFERROCYANic  AriD  (Il4Fe''''Cy5,  or  HjFcy''^''^)  and  other 
Ferrocyanides. — The  ferrocyfinide  of  most  interest  is  that  of 
potassium  {Potassii  FeiTocyanichmi,  U.  S.  P.),  the  yellow  prussiate 
of  potash  {Potassce  Prussias  Flam,  B.  P.)  (K^FeC8N,;,3H,0),  the 
formation  of  which  was  alluded  to  in  connection  with  hydrocyanic 
acid  (see  page  276).  It  cannot  be  regarded  as  simply  a  double  salt 
of  cyanide  of  potassium  with  cyanide  of  iron  (reCy.^,4KCy),  its 
chemical  properties  being  entirely  different  from  either  of  those  sub- 
stances ;  moreover,  unlike  cyanide  of  potassium,  it  is  not  poisonous. 
Most  of  its  reactions  point  to  the  conclusion  that  its  iron  and  cyano- 
gen are  intimately  united  to  form  a  definite  quadrivalent  radical  ap- 
propriately to.rm&l  f e)-roc>/nno(/e7i  (FeCy„,  or  Fey).  One  part  of  ferro- 
cyanidc  of  potassium  in  20  of  water  forms  the  official  "  Solution  of 
Yellow  Prussiate  of  Potash,"  B.  P. 

Teafa. — Many  of  the  ferrocyanides  are  insoluble,  and  are 
therefore  precipitated  when  solution  of  fcrrocyanido  of  potas- 
sium is  added  to  the  various  salts.  Those  of  iron  and  copper, 
being  of  characteristic  color,  are  adopted  as  tests  of  the  pres- 
ence of  the  metals  or  of  the  ferrocyanogen,  as  the  case  may  be. 

29 
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To  solution  of  ferrocyaniclc  of  potassium  add  a  ferric  salt ; 
ferrocyanide  of  iron  (Fe,iFcy3)  (Prussian  blue)  is  precipitated. 

3K,Fcy  +  2(Fe,3SO,)  =  Fe^Fcy,  +  6K.,S0,. 

To  another  portion  add  solution  of  a  copper  salt ;  reddish- 
brown  ferrocyanide  of  copper  (Cu^Fcy)  is  precipitated. 

Note. — The  ferrocyanogen  in  ferrocyanide  of  pota.ssium  is  broken 
up  when  the  salt  is  heated  with  sulphuric  acid,  carbonic  oxide 
being  evolved  if  the  acid  is  strong  (that  is,  ordinary  oil  of  vitriol 
— HjSOj  with  3  to  4  per.  cent  of  water),  and  hydrocyanic  acid 
if  weak : — 

K,FeCeNg,3H20  +  SHp  +  GII^SO,  =  2K2SO,  +  FeSO, 
+  3(NH.,)2SO,  +  6C0. 

2K,FeCy6  +  GH^SO^  +  xH^O  =  FeK^FeCye  +  6KIIS0, 
+  6HCy  +  alTjO. 

Hydrocyanic  Acid  has  already  been  described.    ( Vide  p.  277.) 

Carbonic  Oxide  (CO). — Heat  two  or  three  fragments  of  ferroc}'- 
anide  of  potassium  with  eight  or  ten  times  their  weight  of  sulphuric 
acid,  and  as  soon  as  the  gas  Ijegins  to  be  evolved  remove  the  test- 
tube  from  the  flame ;  for  the  action,  when  once  set  up,  proceeds 
somewhat  tumultuously.  Ignite  the  carbonic  oxide  at  the  mouth  of 
the  tube  ;  it  burns  with  a  pale  blue  flame,  the  product  of  combustion 
being  carbonic  acid  gas  (COj).  ■ 

Carbonic  oxide  is  a  direct  poison.  It  is  generated  whenever  coke, 
charcoal,  or  coal  burns  with  an  insufficient  supply  of  air.  Hence 
the  danger  of  open  fires  in  the  more  or  less  closed  apartments  of  or- 
dinary dwellings. 

Carbonic  oxide  may  also  be  obtained  from  oxalic  acid.  {Vide 
p.  314.) 

Hydroferridcyanic  Acid  (HBFe"'.^Cy,2,  or  H'gFdcy^')  and 
OTHER  Ferridgyanides. — Pass  chlorine  gas  slowly  through 
solution  of  ferrocyanide  of  potassium  until  the  liquid,  after 
frequent  shaking,  ceases  to  give  a  blue  precipitate,  when  a 
minute  portion  is  taken  out  on  the  end  of  a  glass  rod  and 
brought  into  contact  with  a  drop  of  a  dilute  solution  of  a  ferric 
salt ;  it  now  contains  ferrideyanide  of  potassium  (K6Fe"'2Cyi-.. 
or  K'gFdcy^  '),  red  prussiate  of  potash  (B.  P.),  as  it  is  termed 
from  the  color  of  its  crystals.  Excess  of  chlorine  must  be 
carefully  avoided,  as  chloride  of  cyanogen  and  other  compounds 
are  then  formed. 

2K',Fe"Cy'o  +  CI',  =  2K'C1'  -f  K'«Fe"',Cy'„. 

Another  Procesa. — To  a  cold  solution  of  yellow  prussiate  of 
potash  so  much  hydrochloric  acid  is  added  as  will  take  two 
atoms  of  potassium  from  two  molecules  of  the  salt,  and  then  a 
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cold  clear  solution  of  bleaching-powder  till  ferric  chloride  gives 
no  reaction.  Any  excess  of  acid  is  then  neutralized  with  chalk 
and  the  solution  evaporated  to  crystallization  (Khien). 

Note. — The  removal  of  two  atoms  of  potassium  from  the  ferro- 
cyanide  is  the  only  chanjie  of  composition  that  occurs ;  but  the 
ferrocyanogen  is  altered  in  qualitj',  its  iron  passing  from  the  ferrous 
to  tlio  ferric  condition,  from  bivalent  to  trivalont  activity,  altered  to 
a  condition  in  which  it  no  louger  precipitates  ferric  salts,  but,  on 
the  other  hand,  gives  a  dark-blue  pi-ecipitate  with  ferrous  salts. 
The  radical  is  distinguished  as  ferridq/anogen. 

Ferrideyanide  of  potassium  may  also  be  prepared  by  a  modifica- 
tion of  the  foregoing  method  in  which  nascent  instead  of  free  chlorine 
is  employed  (Wenzell).  Take  of  Bichromate  of  Potassium  1  part, 
■Ferrocyanide  of  Potassium  Cryst.  5.72  parts.  Hydrochloric  Acid,  of 
spec.  grav.  1.16,  3  parts  by  weight,  AVater  60  parts.  Dissolve  the 
two  salts  in  hot  water,  add  the  acid,  heat  to  boiling,  continuing  the 
ebullition,  replacing  the  water  evaporated  during  the  process  until 
a  portion  of  the  filtered  liquid  is  not  precipitated  on  the  addition  of 
solution  of  ferric  chloride.  When  reaction  is  completed,  filter  the 
liquid  and  wash  the  hydrate  of  chromium,  unite  the  liquids,  and 
concentrate  to  crystallization.  If  the  evaporated  liquid  possess  an 
acid  reaction,  the  addition  of  caustic  potash,  in  sufficient  q^uantity  to 
cause  a  weak  alkaline  reaction,  will  greatly  facilitate  the  subsequent 
crystallization. 

6(K,FeCy6)  +  K.,CrA  +  8HC1  =  3(K5re,Cy,.,) 
+  8KC1  +  H,0  -f-  Cr/iHO. 

Tist. — To  a  portion  of  the  solution  add  solution  of  ferrous 
sulphate  ;  a  precipitate  falls.  This  precipitate  is  ferrideyanide 
of  iron  (Turnbull's  blue),  Fe"3Fe"',Cy'i„  or  Fe'^sFdcy^'. 

K„Fdcy  +  SFeSO^  =  FcaFdcy  +  3K,S0,. 

It  will  be  noticed  that  the  change  in  the  condition  of  the  iron 
keeps  up  the  Italance  of  the  atomic  values  of  the  various  parts  of 
the  radicals  or  of  the  salts ;  the  quantivalential  equilibrium  is 
maintained. 

A  solution  of  1  part  of  ferrideyanide  of  potassium  in  20  of  water 
constitutes  the  "  (Solution  of  Red  Prussiate  of  Potash,"  B.  P. 

Hydrofluoric  Acid  (HF)  and  other  Fluorides.^ 
Molecular  weight  of  HF,  i!0.  The  chief  use  of  hydrofluoric 
acid  is  in  the  etching  on  glass.  The  operation,  performed  on 
the  small  scale,  also  constitutes  the  best  test  for  fluorine,  the 
elementary  radical  of  all  fluorides. 

Proci'ss  anil  Ttat. — Warm  any  odd  piece  of  window-glass, 
having  an  inch  or  two  of  surface,  until  a  piece  of  beeswax 
rubbed  on  one  side  yields  a  thin  oily  film.  When  cool  make  a 
cross,  letter,  or  other  mark  on  the  glass  by  pressing  a  pointed 
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piece  of  wood,  a  penknife,  or  file,  tlirough  the  wax.  Place  a 
few  grains  of  powdered  fluor  spar,  the  commonest  natural  fluo- 
ride, in  a  porcelain  crucible  (or  a  lead  cup),  add  a  drop  or  two 
of  sulphuric  acid,  cover  the  crucible  Avith  the  prepared  glass, 
waxed  side  downwards,  and  gently  warm  the  bottom  of  the 
crucible  in  a  fume-chamber  or  in  the  open  air,  in  such  a  way 
as  not  to  melt  the  wax.  After  a  few  minutes  remove  the 
glass,  wash  the  waxed  side  by  pouring  water  over  it,  scrape 
off  most  of  the  wax,  then  warm  the  glass,  and  wipe  off  the 
remainder ;  the  marks  made  through  the  wax  will  be  found  to 
be  permanently  etched  on  the  glass ;  the  acid  has  eaten  into  or 
etched  (from  the  German  dtze.ii,  to  corrode)  the  glass. 

In  the  above  operation  the  fluoride  of  calcium  and  sulphuric  acid 
yield  hydrofluoric  acid,  thus  : — ■ 

CaFj  +  H^SO^  =  CaSOj  +  2IIF. 

The  hydrofluoric  acid  gas  and  the  silica  of  the  glas.s  then  yield 
gaseous  fluoride  of  silicon  (SiFj),  which  escapes,  and  water,  thus : — 

4Iir  +  SiOj  =  2lifi  +  SiF,. 

The  silica,  being  removed  from  the  glass,  leaves  furrows  or  etched 
portions. 

Note. — In  the  experiment  just  described,  the  liberated  hj^drofluoric 
acid  also  attacks  the  siliceous  glazing  of  the  porcelain  crucible :  so 
that  in  important  cases,  where  search  is  made  for  very  small  quanti- 
ties of  fluorine,  vessels  of  platinum  or  lead  must  be  employed. 

Uses. — The  aqueous  solution  of  hydrofluoric  acid  used  by  etchers, 
and  commonly  termed  simply  hydrofluoric  acid,  or  "  fluoric"  acid,  is 
prepared  in  leaden  stills  and  receivers,  and  kept  in  leaden  or  gutta- 
percha bottles.  Except  these  materials,  as  well  as  platinum  and 
fluor  spar,  hydrofluoric  acid  rapidly  attacks  any  substance  of  which 
bottles  and  basins  arc  usually  made.  It  quickly  cauterizes  the  skin, 
producing  a  painful,  slow-healing  sore. 

Quantivalence. — The  atom  of  fluorine,  like  that  of  chlorine,  bro- 
mine, or  iodine,  is  univalent  (F^).  The  great  .analog}'  existing  be- 
tween these  radicals  extends  to  their  compounds. 

Fluorine  is  said  to  be  a  colorless  gas ;  but,  from  the  avidity  with 
which  it  combines  with  all  elements  (except  oxygen),  it  is  so  difiicult 
of  isolation  as  hitherto  to  preclude  satisfactory  studj'  of  its  phj'sical 
properties. 

Hypophosphorous  Acid  (H^POj,  or  HPH.2O2)  and  other 
Hypophospihtrs. — Boil  together,  in  a  fume-chamber,  a  grain 
or  two  of  phosphorus,  a  few  grains  of  slaked  lime,  and  about 
a  quarter  of  an  ounce  of  water  until  phosphoretted  hydrogen, 
a  spontaneously  inflammable,  badly-smelling  gas,  ceases  to  be 
evolved.  The  lime  must  not  be  in  great  excess  or  the  hypo- 
phosphite  will  be  converted  into  phosphate  as  fast  as  formed. 
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The  mixture,  filtered,  and  excess  of  lime  removed  by  car- 
bonic acid  gas,  yields  sdliition  of  hypophosphite  of  calcium 
(Ca2PHA)  (C^'^'-'"  Hi/popkosplm,  U.'  S.  P.). 

2P,  +  6H,0  +  3CaIT,0,  =  3(Ca.2PH,O0  +  2PH3. 

The  solution,  when  concentrated  by  evaporation,  has  liccn  known 
to  explode,  proliably  from  formation  of  phosphoretted  liydrogen. 
This  may  be  prevented,  it  is  said,  by  evaporating  at  a  low  tempera- 
ture, especially  towards  the  close  of  the  operation  ;  or  by  adding 
alcohol,  which  decomposes  any  traces  of  liquid  phosphoretted  hydro- 
gen (PII2)  or  solid  phosphoretted  hydrogen  (PjH)  which  possibly 
may  be  present,  and  to  which  it  is  conceivable  explosion  may  be 
due.  The  aqueous  solution  may  conveniently  contain  one-fourth  or 
one-third  of  real  acid. 

PJwsphore.tted  Hi/drogeii  (PH.,). — The  above  reaction  is  also  that 
by  which  phosphoretted  hydrogen,  the  third  hydride  of  phosphorus, 
may  be  prepared.  If  the  gas  is  to  be  collected,  the  phosphorus  and 
water  may  first  be  boiled  in  a  flask  until  a  jet  of  spontaneously  in- 
flammable phosphorus  vapor  escapes,  with  steam,  from  the  end  of  the 
attached  delivery-tube.  Strong  solution  of  caustic  potash  or  soda  is 
next  very  gradually  poured  into  the  flask  through  a  funnel  tube  pre- 
viously fitted  into  the  cork,  the  liquid  being  kept  boiling.  Phospho- 
retted hydrogen  is  then  evolved,  and,  if  the  delivery-tube  dip  under 
water,  may  be  collected,  or  allowed  to  slowly  pass  up  through  the 
water  bubble  by  bubble  so  as  to  form  the  peculiar  rings  of  smoke 
(phosphoric  anhydride)  characteristic  of  the  experiment. 

Hi/pophosphite  of  calcium  (Ca2PIl202)  (Calcii  Hijpophospliis,  U.  S. 
P.)  may  be  obtained  in  crystals  by  evaporating  and  slowly  cool- 
ing ;  but  the  solution  is  usually  at  once  evaporated  to  dryness, 
a  white  pulverulent  salt  being  obtained.  The  Hypophosphite  of 
Potassium  {Potassii.  Hijpojihosphis,  U.  S.  P.)  (KPIIjOj)  may  be 
obtained  in  the  same  way  from  its  hydrate,  and  many  other  hypo- 
phosphites  (Mg2PH.,Oj,6il,,0,  Fe2Pri,0„6H20,  etc.)  similarly  from 
other  hydrates,  or  by  double  decomposition  of  the  calcium  salt  and 
carl)onates. 

Ili/pophosphUe  of  nodium  {l^f).V\lfi^,Y{.fl)  {Sodii  Hypoplwsplm, 
U.  S.  P.)  may  be  made  by  decomposing  solution  of  hypophosphite  of 
calcium  by  carbonate  of  sodium,  filtering,  and  evaporating  to  dryness. 
It  is  a  white,  granular,  deliquescent  substance. 

Ca2PII.,02  +  Na^COj  =  2NaPM,0,  +  CaCOa. 

AVhen  heated,  the  water  is  first  evolved,  then  hydrogen  and  spon^ 
taneously  inflaminabic  phosphoretted  hydrogen,  and  a  mixture  of 
pyrophosphate  and  inetaphosphate  of  sodium  remains  (Rammcls- 
berg). 

SNaPIIjOj  =  Na.PA  +  NaPOa  +  2PII3  +  211,. 

H'jpoplwxphnroHs  acid.,  the  hydrogen  hypophosphite,  may  be  pre- 
pared by  decomposing  the  barium  salt  with  sulphuric  acid  or  the 
calcium  salt  by  oxalic  acid;  hypoplu)spliite  of  quinine  by  dissolving 
2U  » 
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the  iilkaloid  in  hypopliospliorous  auid,  or  by  decoiiifwsinff  sulphate 
of  quinine  by  hypophosphite  of  l)iU'iuni.  IIypo])ho.spliite  of  Iron 
(Fe^iiPll^O.J  {Ftrri  llnpophiispliiti,  U.  S.  P.)  may  be  ol>taiiied  by 
dissolving  ferric  hydrate  in  cold  aqueous  hj'popliosphorous  acid  and 
evaporatini;;  the  solution. 

The  hypophosphites  arc  often  nsed  in  medicine  in  the  form  of 
syrups  (Sijriipiis  Hjipophdsphitum,  U.  S.  I'.,  and  Hi/paphosphilinii 
cum  Ferro,  U.  S.  P.).  The  term  hypophosphite  is  in  allusion  to  the 
smaller  amount  (tVo,  hvjjo,  under  or  (leficicncy)  of  oxygen  in  these 
compounds  (R'jPOj)  than  in  the  phosphites  (K.,POg),  a  class  of  salts 
having  again  less  oxygen  in  their  molecules  than  exists  in  those  of 
the  phosphates  (RaPOJ.  The  prefix  hijpo  has  similar  significance 
in  such  words  as  liyposulphite  and  hypochlorite. 

TfesAs. — To  a  portion  of  the  above  solution  of  hypophosphite 
of  calcium  add  solution  of  chloride  of  barium,  chloride  of  cal- 
cium, or  acetate  of  lead  ;  in  neither  case  is  a  precipitate  ob- 
tained, whereas  soluble  phosphates  and  phosphites  yield  white 
precipitates  of  phosphate  or  phosphite  of  barium,  calcium,  or 
lead.  To  other  portions  add  solutions  of  nitrate  of  silver  and 
mercuric  chloride  ;  the  respective  metals  are  precipitated  as  by 
phosphites.  To  another  small  portion  add  zinc  and  dilute  sul- 
phuric acid ;  hydrogen  and  phosphoretted  hydrogen  are  evolved 
as  from  phosphites.  To  another  portion  add  sufficient  oxalic 
acid  to  remove  the  calcium  ;  filter ;  to  the  solu-tion  of  hypo- 
phosphorus  acid  add  solution  of  sulphate  of  copper,  and  slowly 
warm  the  mixture  ;  solid  brown  cuprous  hydride  (Cu.^Hv)  is 
precipitated  :  increase  the  heat  to  the  boiling-point ;  hj'drogen 
is  evolved  and  metallic  copper  set  free.  Heat  a  small  quantity 
of  a  solid  hypophosphite  on  the  end  of  a  spatula  in  a  flame  ;  it 
splits  up  into  pyrophosphate,  a  little  mctaphosphate,  hj'drogen, 
phosphoretted  hydrogen,  and,  sometimes,  water,  burning  with 
a  phosphorescent  light — the  official  hypophosphite  of  calcium 
yielding  about  80  per  cent,  of  residue. 

7(Ca2PH.,0,)  =   3Ca.,P,0,  +    Ca2P03  +    6PH3   +  H,0 

+  4H,. 

To  an  acid  solution  of  hypophospliite  add  solution  of  a  per- 
manganate. It  is  instantly  decolorized.  The  same  effect  fol- 
lows its  addition  to  an  acid  solution  of  a  phosphite,  but  not  to 
that  of  an  ortho-,meta-,  or  pyrophosphate. 

Hyposulphurous  Acid  (H.^S.Oa)  and  other  Hyposul- 
phites.— The  only  hyposulphite  of  much  interest  in  pharmacy 
is  the  sodium  salt  (>'^odii  HyposiiJ^^his,  U.  S.  P.)  (Na2S.,0;,,- 
SH^O).     Hyposulphites   may  be  regarded  as  thiosidjihatcs 
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Prnce.is. — Heat  together  gently,  or  set  aside  in  a  warm  place, 
a  mixture  of  solution  of  sulphite  of  sodium  (Na.SO.,)  and  a 
little  powdered  sulphur ;  combination  slowly  takes  place,  and 
hyposulphite  of  sodium  is  formed.  The  solution,  filtered  from 
excess  of  sulphur,  readily  yields  crystals.  (The  solution  of 
sulphite  of  sodium  may  be  made  by  saturating  a  solution  of 
soda  with  sulphurous  acid  gas.) 

Use  of  Hi/pomlphite  of  Sodium  in  Quantitative  Anali/sif^. — 
In  the  British  Pharmacopoeia  hyposulphite  of  sodium  is  given 
as  a  reagent  for  the  quantitative  estimation  of  free  iodine  in 
volumetric  analysis.  To  a  few  drops  of  iodine-water  add  cold 
mucilage  of  starch ;  a  deep-blue  color  (starch  iodide)  is  pro- 
duced. To  the  product  add  solution  of  hyposulphite  of  sodium 
until  the  blue  color  just  disappears.  This  absorption  of  iodine 
is  sufficiently  definite  and  delicate  to  admit  of  application  for 
quantitative  purposes.  It  depends  on  the  combination  of  the 
iodine  with  half  of  the  sodium  in  two  molecules  of  the  hypo- 
sulphite, the  hyposulphurous  radicals  of  the  two  molecules 
apparently  coalescing  to  form  a  new  radical,  the  tetrathionic 
(from  rir/3a<r,  tetras,  four,  and  Osmv,  fheiun,  sulphur),  tetrathio- 
nate  of  sodium  (Na2S40g)  and  iodide  of  sodium  being  formed. 

Sulphur  Oxyacids. — It  will  be  as  well  here  to  give  the  formulfe  of 
other  oxyacids  of  sulphur,  forming  with  the  four  already  mentioned 
a  series  that  is  as  useful  as  the  series  of  compounds  of  nitrogen  and 
oxygen  in  illustrating  the  soundness  of  Dal  ton's  atomic  theory  (p.  50). 


Ilydrosulphurous  Acid  ....  IIjSOj 

Sulphurous  Acid  H2SO3 

Sulphuric  Acid  II2SO4 

Hyposulphurous  Acid  ....  II,,S,03 

Dithionic  Acid  Hi^^aOs 

Trithionic  Acid  H^SjOe 

Tetrathionic  Acid  Il2'^406 

Pentathionic  Acid  H,S,Or 


Use  of  "  ILjpo  "  in  Photocjrap'hy . — The  sodium  hyposulphite 
is  largely  used  in  photography  to  dissolve  chloride,  bromide,  or 
iodide  of  silver  off  plates  which  have  been  exposed  in  the 
camera.  Prepare  a  little  chloride  of  silver  by  adding  a  chloride 
(chloride  of  sodium)  to  a  few  drops  of  solution  of  nitrate  of 
silver.  Collect  the  precipitated  chloride  on  a  filter,  wash,  and 
add  a  few  drops  of  solution  of  hyposulphite  of  sodium  j  the 
silver  salt  is  dissolved,  solution  of  double  hyposulphite  of  so- 
dium and  silver  being  formed.  The  solution  of  this  double  hy- 
posulphite has  a  remarkably  sweet  taste,  sweeter  than  syrup, 
•f  the  solution  is  strong.    The  double  hyposulphite  of  sodium, 
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and  gold  is  employed  for  giving  a  pleasant  tint  to  photographic 
prints. 

Teat. — To  solution  of  a  hyposulphite  add  a  few  drops  of 
dilute  sulphuric  or  other  acid  ;  hyposulphurous  acid  is  set  free, 
but  at  once  begins  to  decompose  into  sulphurous  acid,  recog- 
nized by  its  odor,  and  free  sulphur  (2H,^S.jO,-,  -  2II._,S03  +  Sj). 
This  reaction  constitutes  the  best  test  for  hyposulphites.  An- 
other good  test  of  a  soluble  simple  hyposulphite  is  its  power 
of  dissolving  chloride  of  silver  with  production  of  a  more  or 
less  sweet  solution. 


QUESTIONS  AND  EXERCISES. 

588.  Give  the  formula  of  ferrocyanide  of  potassium. 

589.  What  is  the  supposed  constitution  of  ferrocyanide  of  potas- 
sium ? 

590.  Enumerate  the  tests  for  ferrocyanogen. 

591.  What  are  the  respective  reactions  of  ferrocyanide  of  potas- 
sium with  strong  and  weak  sulphuric  acid  ? 

592.  Mention. and  explain  a  common  source  of  carbonic  oxide  in 
households.    What  is  the  product  of  its  combustion  ? 

593.  Write  equations  or  diagrams  illustrative  of  the  changes 
effected  on  ferrocyanide  of  potassium  during  its  conversion  into  ler- 
ridcyanide. 

594.  By  what  reactions  may  the  presence  of  a  ferridcyanide  in  a 
solution  be  demonstrated? 

595.  State  the  difference  between  Prussian  blue  and  Turnbull's 
blue. 

596.  Describe  the  source,  mode  of  preparation,  chief  use  of,  and 
test  for  hydrofluoric  acid. 

597.  Illustrate  by  a  diagram  the  preparation  and  composition  of 
hyposulphite  of  sodium. 

598.  Mention  the  uses  and  characteristic  reactions  of  hyposulphite 
of  sodium. 

599.  Give  the  names  and  formulas  of  eight  acids,  each  containing 
hydrogen,  sulphur  and  oxygen. 


Lactic  Acid  (HCsHsOa)  axd  other  Lactates. — Lactic  acid 
occurs  naturally  in  willow-bark  (Dott).  When  milk  turns  sour  its 
sugar  has  become  converted  into  an  acid  appropriately  termed  lactic 
{lac,  lactis).  Other  saccharine  and  amylaceous  substances  also  by 
fermentation  yield  lactic  acid.  The  hydrogen  lactate  (lactic  acid) 
is  official  {Acidum  Laciicum,  U.  S.  P.). 

Process. — Lactate  of  calcium  and  lactic  acid  may  be  pre- 
pared as  follows :  Mix  together  eight  parts  of  sugar,  one  of 
common  cheese,  three  of  chalk,  and  fifty  of  water,  and  set 
aside  in  a  warm  place  (about  80°  F.)  for  two  or  three  weeks ; 
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11  mass  of  small  crystals  of  lactate  of  calcium  results.  Remove 
these,  recrystallize  from  hot  water,  decompose  by  sulphuric  acid, 
avoiding  excess,  digest  in  alcohol,  filter  off  the  sulphate  of  calcium, 
evaporate  the  clear  solution  to  a  syrup  ;  this  residue  is  lactic 
acid ;  when  of  sp.  gr.  1.212  it  contains  75  per  cent,  of  real  acid. 

Lactate  of  Iron  {Ferri  Lactase,  U.  S.  P. ;  Fe2C3H50,,3Il20) 
may  be  made  by  digesting  iron  filings  in  warm  diluted  lactic 
acid  (1  acid  to  16  water)  till  effervescence  of  hydrogen  ceases, 
filtering  and  setting  aside  to  cool  and  crystallize.  The  crystals 
are  collected,  washed  with  alcohol,  and  dried.  This  ferrous 
lactate  occurs  in  greenish-white  crystalline  crusts  or  grains,  of 
a  mild,  sweetish,  ferruginous  taste,  soluble  in  forty-eight  parts 
of  cold  and  twelve  of  boiling  water,  but  insoluble  in  alcohol. 
Exposed  to  heat,  it  froths  up,  gives  out  thick,  white,  acid 
fumes,  and  becomes  black,  sesquioxide  of  iron  being  left.  If 
it  be  boiled  for  fifteen  minutes  with  nitric  acid  of  the  specific 
gravity  1.20,  a  white,  granular  deposit  of  mucic  acid  will  oc- 
cur on  the  cooling  of  the  liquid. 

Ttsts. — No  single  reaction  of  lactic  acid  is  sufficiently  dis- 
tinctive to  form  a  test.  The  crystalline  form  of  the  lactate  of 
calcium,  as  seen  by  the  microscope,  is  characteristic.  The 
production  of  this  salt,  and  the  isolation  of  the  syrupy  acid 
itself,  are  the  only  means,  short  of  quantitative  analysis,  on 
which  reliance  can  be  placed.  It  is  soluble  in  water,  alcohol, 
and  ether,  but  almost  insoluble  in  chloroform.  It  is  only 
slightly  colored  by  cold  sulphuric  acid. 

A  variety  of  lactic  acid  has  been  obtained  from  the  juice  of 
fish ;  it  is  termed  sarcolactic  acid  (from  trd/^f ,  (rafixoc;,  sarx, 
sarcos,  flesh).  Unlike  lactic  acid,  it  is  precipitated  by  solution 
of  sulphate  of  copper. 

Malic  Acid  (HsCHsO.,)  and  other  Malates  (from 
malum,  an  apple). — The  juice  of  unripe  apples,  gooseberries, 
currants,  rhubarb  stalks,  strawberries,  grapes,  etc.  contains 
malic  acid  and  malate  of  potassium.  When  isolated  it  oc- 
curs in  deliquescent  prismatic  crystals. 

7e.s7.v. — Malate  of  calcium  (CaHCJIaOs)  is  soluble  in  -water ; 
hence  the  aqueous  solution  of  malic  acid  or  other  malate  is  not 
precipitated  by  lime-water  or  chloride  of  calcium  ;  but  on  add- 
ing spirit  of  wine  a  white  precipitate  falls,  owing  to  the  insolu- 
bility of  the  calcium  malate  in  alcohol.  Malates  are  precipi- 
tated by  lead-salts  ;  on  warming  the  malate  of  lead  with  acetic 
acid  it  dissolves,  separating  out  in  acicular  crystals  on  cooling. 
If  the  mixture  be  heated  without  acid,  the  malate  of  lead 
agglutinates  and  fuses. 
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Hot  strong  sulphuric  acid  chars  malic  acid  far  less  readily  than  it 
does  nearly  all  other  organic  acids. 

Asparagin  {Q,^\\^^.f)■^,l\.f)). — This  proximate  principle  of  plants 
occurs  in  many  vegetable  juices,  and  doul)tless  plays  a  very  import- 
ant part  in  their  nutrition.  It  is  deposited  in  cry.stals  when  the  fresh 
juices  of  asparagus,  marshmallow,  etc.  are  rapidly  evaporated.  It 
is  noticed  here  because  malic  acid  is  readily  obtained  from  it  by  oxi- 
dation, nitrogen  being  eliminated,  and  because  its  exact  natui'al  posi- 
tion among  chemical  substances  is  not  yet  well  made  out.  The  atoms 
of  its  molecule  are  those  of  aspartate  of  ammonium  (NH^C^IIgNOJ, 
into  which  it  is  converted  when  its  solution  is  long  boiled.  Decom- 
posed by  aid  of  ferments,  asparagin,  absorbing  hydrogen,  yields 
succinate  of  ammonium  (NII^)2CJI^0.i.  Such  reactions  as  these  and 
the  formation  of  lactic  acid  from  sugars  should  suggest  to  the  stu- 
dent possible  modes  in  which  chemical  changes  take  place  in  tlie 
plant-department  of  the  vast  laboratory  of  nature. 

Meconic  Acid  (H3C7HO7). — Opium  contains  meconic  acid 
(from  iiyjxmv,  mekoiu  a  poppy)  partially  combined  with  morphine. 
To  concentrated  infusion  of  opium  nearly  neutralized  by  am- 
monia add  solution  of  chloride  of  calcium  ;  meconate  of  cal- 
cium is  precipitated.  Wash  the  precipitate,  place  it  in  a  small 
quantity  of  hot  water,  and  add  a  little  hydrochlorio  acid ;  tho 
clear  liquid  (filtered,  if  necessary)  deposits  scales  of  meconic 
acid  on  cooling. 

Ttsts. — To  solution  of  meconic  acid  or  other  meconate,  or 
to  infusion  of  opium,  add  a  neutral  solution  of  ferric  chloride; 
a  red  solution  of  meconate  of  iron  is  produced.  To  a  portion 
of  the  mixture  add  solution  of  corrosive  sublimate ;  the  color 
is  not  destroyed ;  to  another  portion  add  hydrocliloric  acid ; 
the  color  is  discharged.  (These  reagents  act  on  sulphocyanate 
of  iron,  which  is  of  similar  tint,  in  exactly  the  opposite  man- 
ner.) To  another  portion  add  a  drop  of  a  dilute  acid  and  boil ; 
the  color  is  not  discharged.  (A  solution  of  ferric  acetate, 
which  is  of  similar  color,  is  decomposed  on  boiling,  giving  a 
colorless  fluid  and  a  red  precipitate  of  ferric  oxyacetate.) 

The  normal  meconates  of  potassium,  sodium,  and  ammonium  are 
soluble  in  water,  the  acid  meconates  very  slightl}'  soluble,  the  meco- 
nates of  barium,  calcium,  lead,  copper,  and  silver  insoluble  in  water, 
but  soluble  in  acetic  acid. 

Metaphosphoric  Acid  (HPO;,)  and  other  Metaphos- 
PHATES. — Prepare  phosphoric  anhydride  (PaOj)  by  burning  a 
small  piece  of  phosphorus  in  a  porcelain  crucible  placed  on  a 
plate  and  covered  by  an  inverted  test-glass  tumbler,  half-pint 
measure-glass,  or  some  such  vessel.  After  waiting  a  few 
minutes  for  the  phosphoric  anhydride  to  fall,  pour  a  little 
water  on  the  plate  and  filter  the  liquid;  the  product  is  solution 
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of  metaphosphoric  acid  (from  ns-rd,  me/a,  a  preposition  de- 
noting change). 

PA  +  H,0  =  2IIPO3. 

Ti'sfs. — To  .solution  of  metaphosphoric  acid  add  ammonio- 
nitrate  of  silver,  or  to  a  neutral  metaphosphate  add  solution 
of  nitrate  of  silver ;  a  white  precipitate  (AgPOj)  is  obtained. 
This  reaction  sufficiently  distinguishes  metaphosphates  from 
the  ordinary  phosphates  or  orthophosphates  (from  6p0d^,  orlhax, 
straight),  as  the  common  phosphates  may,  for  distinction,  be> 
termed  (which  give,  it  will  be  remembered,  a  i/dlow  precipitate 
with  nitrate  of  silver).  Another  variety  of  phosphates  shortly 
to  be  considered,  the  pyrophosphates,  also  gives  a  white  precipi- 
tate with  nitrate  of  silver.  To  the  solution  of  metaphosphoric 
acid  obtained  as  above,  or  by  the  action  of  acetic  acid  on  a 
metaphosphate,  add  an  aqueous  solution  of  white  of  egg ; 
coagulation  of  the  albumen  ensues.  Neither  orthophosphoric 
nor  pyrophosphoric  acid  coagulates  albumen.  When  mixed 
with  an  equal  volume  of  Tincture  of  Chloride  of  Iron,  meta- 
and  pyrophosphoric  acids  give  a  precipitate  after  some  time 
(U.  S.  P.).  Boil  the  aqueous  solution  of  metaphosphoric  acid 
for  some  time ;  on  testing  the  solution  the  acid  will  be  found 
to  have  been  converted  into  orthophosphoric  acid : — 

HPO3  +  H,0  =  H3PO4  (orthophosphoric  acid). 

The  ordinary  medicinal  phosphoric  acid  is  made  from  phos- 
phorus and  nitric  acid,  the  liquid  being  evaporated  to  a  syrupy 
consistence  to  remove  the  last  traces  of  nitric  acid.  It  may 
contain  pyrophosphoric  and  metaphosphoric  acids,  if  the  heat 
employed  be  high  enough  to  remove  the  elements  of  water  : — 

2H3PO,  -  H,0  =  H,P,Oj  (pyrophosphoric  acid). 
HjPOi  —  =  HPO3  (metaphosphoric  acid). 

On  redilution  the  metaphosphoric  acid  only  slowly  reabsorbs 
water.  If,  therefore,  on  testing,  metaphosphoric  be  found  to  be 
present,  the  solution  should  be  boiled  until  conversion  to  ortho- 
I)hosphoric  acid  has  occurred. 

Nitrous  Acid  (HNO.^)  and  other  Nitrites. — Strongly 
heat  a  fragment  of  nitrate  of  potassium  or  of  sodium  on  a 
piece  of  platinum  foil ;  oxygen  is  evolved  and  nitrite  of  pota.s- 
siuni  remains. 

Tci't. — Dissolve  the  residue  in  watei",  add  a  few  drops  of 
dilute  sulphuric  acid,  then  a  little  weak  solution  of  iodide  of 
pota.s,siuni,  and,  lastly,  some  mucilage  of  starch;  the  deep-blue 
compound  of  iodine  and  starch  is  at  once  produced.  Repeat 
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this  experiment,  using  nitrate  of  potassium  instead  of  nitrite ; 
no  blue  color  is  produced. 

2HI  +  2HN0,  =  2H,0  +  2N0  +  I^. 

Tests  for  Nitrites  in  Water. — This  libei*ation  of  iodine  by  nitrites 
and  not  by  nitrates  is  a  reaction  of  considerable  value  in  searching 
for  Ditrltes  in  ordinary  drinking-waters,  the  occurrence  of  such  salts 
being  held  to  indicate  the  presence  of  niti-ogenous  organic  matter  in 
a  state  of  oxidation  or  decay.  The  sulphuric  acid  used  in  the  opera- 
tion must  be  pure,  and  the  iodide  of  potassium  free  from  iodate.  If 
much  organic  matter  is  pi-esent,  however,  the  nitric  acid  liberated  by 
the  sulphuric  may  be  reduced  to  nitrous  acid.  It  is  perhaps  best, 
therefore,  to  add  acetic  acid,  and  (Fi-esenius)  distil  over  10  or  20  per 
cent,  of  the  water  and  apply  the  test  to  this  distillate.  A^ery  dilute 
solutions  of  nitrous  acid  may  thus  be  distilled  without  the  slightest 
decomposition. 

Commercial  Nitrous  Acid. — The  liquid  commonly  termed  in  phar- 
macy "  nitrous  acid  "  is  simply  nitric  acid  impure  from  the  presence 
of  nitrous  acid. 

The  only  nitrite  used  in  medicine  is  a  nitrite  of  an  organic  basy- 
lous  radical,  ethyl ;  nitrite  of  ethyl  (CjHjNOj),  or  nitrous  ether,  is 
one  of  the  chief  constituents  of  sweet  spirit  of  nitre"  {Spiritus 
JEtheris  Nitrosi,  U.  S.  P. ;  vide  Index). 

Ophelic  Acid  (CuIIjoOk,). — This  is  one  of  the  principles  to  which 
the  herb  Ophelia  chirata,  or  Chiretta  (Chirata,  U.  S.  P.),  owes  its 
bitterness.  It  is  an  amorphous  yellow  body.  Another  is  Chiratin 
(CjgH^gOij),  decomposable  by  hydrochloric  acid  into  Chiratogenin 
(CjgHj^Oj)  and  oiihelic  acid  (Holin). 

Phosphorous  Acid  (II3PO3,  or  H2PIIO,). — It  is  necessary  to  notice 
this  compound  in  order  that  the  reader  may  have  brought  before  him 
the  three  acids  of  phosphorus,  namely,  phosphoric  acid  (H3PO4), 
phosphorous  acid  (H^PHOg),  and  hypophosphorous  acid  (HPHjOj) : 
it  will  be  noticed  that  in  composition  they  differ  from  each  other 
simply  in  the  proportion  of  oxygen,  the  molecules  containing'four, 
three,  and  two  atoms  respectively.  In  constitution  they  differ  by 
the  hypothetical  phosphoric  radical  or  grouping  being  trivalent,  tlie 
phosphorous  bivalent,  and  the  hypophosphorous  radical  univalent. 
These  three  acids  and  corresponding  salts  must  not  be  confounded 
with  pyrophosphoric  and  metaphosphoric  acids  and  salts :  the 
former  are  acids  of  phosphorus ;  the  latter,  varieties  of  phosphoric 
acid ;  the  former,  in  composition,  differ  from  each  other  in  the  pro- 
portion of  oxygen  they  contain ;  the  latter,  by  the  elements  of 
water  : — 

Acids  of  Phosphor  ICS.  Varieties  of  Phosphoric  Acid. 

H-jPO^     phosphoric  acid.  H3PO4  (ortho)phosphoric  acid. 

IL^PHO.)  phospiiorous  acid.  HjP.^O,  pyrophosphoric  acid. 

HPHjO.^  hyphosphorous  acid.       HPO3    metaphosphoric  acid. 

When  hypophosphorous  acid  is  exposed  to  the  air,  oxygen  is  absorbed 
and  phosphorous  acid  results  ;  by  pi-olonged  exposure  more  oxygen 
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is  absorbed  and  phosphoric  acid  is  obtained.  Wiion  phosphoric  acid, 
or  rather,  for  distinction,  oi'thophosphoric  acid,  is  heated,  every  two 
molecules  yield  the  elements  and  a  molecule  of  water,  and  pyro- 
phosphoric acid  results  ;  by  prolonged  exposure  to  heat  more  water 
is  evolved,  and  metaphosphoric  acid  is  obtained.  These  differences 
will  be  further  evident  if  the  formulaa  be  written  empirically,  nearly 
all  being  doubled,  thus : — 

HfiP204    hypophosphorous  acid. 
rigP^Og    phosphorous  acid. 
H  P  0  I  phosphoric  acid,  or 

8  2  8  I  orthophosphoric  acid. 
H^P.^O.    pyrophosphoric  acid. 
HjPjOg    metaphosphoric  acid. 

Or  thus :—/  \ 
/  phosphoric  acid  \ 

/  .         H6P,08  .  \ 

/     phosphorous  acid     /\    pyrophosphoric  acid\ 
/  HgP.Oe         /     \  I<P,0,     _  \ 

/hypophosphorous  acid  /  \  metaphosphoric  acid\ 

/  HeP.O,        /  \         H^P^Oe  \ 

From  the  central  compound,  phosphoric  acid,  the  acids  of  phosphorus 
differ  by  regularly  diminishing  proportions  of  the  element  oxygen 
(see  previous  page),  the  varieties  of  phosphoric  acid  by  regularly 
diminishing  proportions  of  the  elements  of  water. 

Prepare  fhoxphoriis  acid  by  exposing  a  moist  stick  of  phos- 
phorus to  the  air ;  a  thin  stream  of  heavy  white  vapor  falls, 
which  contains  the  acid  in  question.  The  best  method  of  col- 
lection is  to  place  the  stick  in  an  old  test-tube  having  a  hole  in 
the  bottom,  to  support  this  tube  by  a  funnel  or  otherwise,  the 
neck  of  the  funnel  being  supported  in  a  bottle,  test-glass,  or 
tube,  at  the  bottom  of  which  is  a  little  water.  Having  collected 
some  phosphorous  acid  in  this  way,  apply  the  various  tests 
already  alluded  to  under  Rypo]}hos^phorous  Acid,  first  carefully 
neutralizing  the  phosphorous  acid  by  an  alkali.  The  means  by 
which  the  varieties  of  phosphoric  acid  are  distinguished  have 
been  given  under  Metaphosphoric  Acid.  Associated  with  the 
phosphorous  acid,  prepared  as  above  stated,  there  is  said  to  be 
an  acid  having  the  formula  H.^PO:„  and  termed  hj/pophuxphoric 
acid.    Its  anhydride  would  be  P2O4. 

Other  soluble  phosphites  are  prepared  by  neutralizing  phos- 
phorous acid  with  alkalies,  and  the  insoluble  phosphites  by 
double  decomposition. 

Pyrooallic  Acid. — See  Tannic  Acid. 

Pyrophosphouio  Acid  (H^PjO,)  and  other  Pyrophos- 
PHATES. — Heat  ordinary  phosphate  of  sodium  (NaJTPO.,,- 
12H.;0)  in  a  crucible;  water  of  crystallization  is  first  evolved, 
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and  dry  phosphate  (Na.JIPOj)  remains.  Continue  the  heat  to 
redness  ;  two  molecules  of  the  salt  yield  one  molecule  of  water, 
and  a  salt  having  new  properties  is  obtained  : — • 

2Na,HP04  -  H,0  =  NaJ^O,. 

It  is  termed  pyrophosphate  of  sodium,  in  allusion  to  its  origin 
{nvp,  pilr,  fire).  From  its  solution  in  water  it  may  be  obtained  in 
prismatic  crystals  (Na4P2O7,10Il2O),  Sodii  Pyrophosphas,  U.  S.  P. 
Phosphoric  acid  itself  is  similarly  affected  by  heat,  2H3PO4  —  IL^O 
=  H4P2O7  (pyrophosphoric  acid),  though  metaphosphoric  acid  is  also 
formed.  Other  pyrophosphates  are  produced  in  a  similar  way,  or  by 
double  decomposition  and  precipitation,  or  by  neutralizing  pyro- 
phosphoric acid  by  an  oxide,  hydrate,  or  carbonate.  Possibly  the 
pyrophosphates  are  only  compounds  of  orthophosphates  with  meta- 
phosphates : — 

Na^PjO,  =  NagPO^iNaPOj. 

Teiifs. — To  solution  of  a  pyrophosphate  add  solution  of  nitrate 
of  silver ;  white  pyrophosphate  of  silver  (AgjP.^O;)  falls  as  a 
dense  white  powder,  differing  much  in  apjjearance  from  the 
white  gelatinous  metaphosphate  of  silver  or  the  yellow  ortho- 
phosphate.  To  pyrophosphoric  acid,  or  to  a  pyrophosphate 
mixed  with  acetic  acid,  add  an  aqueous  solution  of  albumen 
(white  of  egg)  ;  no  precipitate  occurs.  Metaphosphoric  acid,  it 
will  be  remembered,  gives  a  white  precipitate  with  albumen. 


QUESTIONS  AND  EXERCISES. 

600.  What  are  the  sources  of  lactic  acid  ? 

601.  How  is  lactic  acid  usually  prepared  ? 

602.  Name  some  of  the  plants  in  which  malic  acid  is  found. 

603.  Whence  is  meconic  acid  derived  ? 

604.  By  what  process  may  meconic  acid  be  isolated  ? 

605.  Which  is  the  best  test  for  the  meconic  radical  ? 

606.  Distinguish  meconates  from  sulphocyanates. 

607.  Give  the  mode  of  manufacture  of  hyphophosphites. 

608.  How  is  phosphoretted  hydrogen  prepared  ? 

609.  By  what  ready  method  may  metaphosphoric  acid  be  obtained 
for  experimental  purposes  ? 

610.  Name  the  tests  for  metaphosphates. 

611.  How  inay  meta-  or  pyrophosphoric  acid  be  converted  into 
orthophosphoric  acid  ? 

612.  Describe  the  preparation  of  pho.sphorous  acid. 

613.  State  the  relations  which  the  acids  of  phosphorus  bear  to 
each  other. 

614.  How  are  pyrophosphates  prepared? 

615.  Offer  two  views  of  the  constitution  of  pyrophosphates. 

616.  Define,  by  formulce,  metaphospliatcs,  pyrophosphates,  ortho- 
phosphates,  phosphites,  and  hypophosphitcs. 
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617.  Mention  the  tests  by  which  meta-,  pyro-,  and  orthophosphatcs 
are  analytically  distinguished. 

018.  Name  the  reactions  by  which  hypophosphites  and  phosphites 
arc  detected. 


Silicic  Acid  (H^SiO,)  and  other  Silicates. — Silicates  of  various 
kinds  are  ainong  the  commonest  of  minerals.  The  various  clays 
are  aluminium  silicates ;  the  volcanic  substance  termed  pumice- 
stone  is  a  porous  silicate  of  aluminium  and  of  alkali-metals  or  alka- 
line-earth metals  ;  meerschaum  is  an  acid  silicate  of  magnesium  ;  the 
ordinary  sundslones  are  chiefly  silica ;  sand,  Jiint,  quartz,  agate, 
chalcedoni/,  and  opal  are  silicic  anhydride  or  silica  (SiOj).  T)'ipoli, 
a  polishing  powder  now  found  in  many  other  countries  than  Tripoli, 
consists  of  infusorial  skeletons  of  nearly  pure  silica.  Bath  brick, 
used  in  knife-polishing,  is  a  silico-calcareous  deposit  found  in  the 
estuary  at  Bridgewater  and  other  places.  Asbestos  or  amianth  is  a 
fibrous  silicate  of  calcium  and  magnesiutn,  the  length  of  the  fibres 
being  from  less  than  one  inch  to  five  feet.  A  single  silk-like  fibre  can 
easily  be  fused,  but,  even  in  very  small  masses,  and  for  all  pi-actical 
purposes,  asbestos  is  infusible  and,  of  course,  incombustible.  It  is 
also  a  bad  conductor  of  heat.  It  is  already  largely  used  in  piston- 
rods  and  joints  and  for  steam  apparatus  generally ;  as  a  covering 
for  boilers  to  prevent  loss  of  heat  by  radiation  ;  and  for  so  lining 
ceilings,  floors,  and  other  partitions  as  to  render  rooms,  etc.  fire- 
proof. Artificial  silicates  are  familiar  under  the  forms  of  glass  and 
earthenware.  Common  English  window-glass  is  usually  silicate  of 
calcium,  sodium,  and  aluminium ;  French  glass,  silicate  of  calcium 
and  sodium  ;  Bohemian,  chiefly  silicate  of  potassium  and  calcium  ; 
English  flint-  or  crystal-glass  for  ornamental,  table,  and  optical  pur- 
poses is  mainly  silicate  of  potassium  and  lead.  Earthenware  is 
mostly  silicate  of  aluminum  (clay),  with  more  or  less  of  silicate  of 
calcium,  sodium,  and  potassium,  and,  in  the  commoner  forms,  sili- 
cates of  iron.  The  various  kinds  of  jmrcelain  (China,  Sevres,  Meis- 
sen, Berlin,  English),  Wedgwood-ware,  and  stoneivare  are  varieties  of 
earthenware.  Kaolin  or  China  Clay,  which  is  disintegrated  felspar, 
not  more  common  in  China  than  in  Devonshire  and  Cornwall,  is  the  , 
clay  which  yields  the  finest  translucent  porcelain.  Criicihles,  bricks, 
and  tiles  are  clay  silicates.  Mortar  is  essentially  silicate  of  calcium. 
Pwtland,  Roman,  and  other  hydraulic  cements  are  silicates  of  cal- 
cium with  more  or  less  silicate  of  aluminium. 

Mix  together  a  few  grains  of  powdered  flint  or  sand  with 
about  five  or  six  times  its  weight  of  carbonate  of  sodium  and 
an  equal  quantity  of  carbonate  of  potassium,  and  fuse  a  little 
of  the  mixture  on  platinum-foil  in  the  blowpipe-flame ;  the 
product  is  a  kind  of  soluble  (jlcn^s.  Boil  the  foil  in  water  for 
a  few  minutes,  filter;  to  a  portion  add  excess  of  hydrochloric 
acid,  evaporate  the  solution  to  dryness,  and  again  boil  the  resi- 
due in  water  and  acid ;  oxide  of  silicon,  silicic  avhi/dride,  or 
niUca  (SiO;;),  remains  as  a  light,  flaky,  insoluble  powder. 
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The  soluble  glass  or  c/lass  liquor  of  trade  commonly  contains  10 
or  12  per  cent,  of  soda  (NallO)  to  20  or  25  per  cent,  of  silica  (Si02). 
When  of  sp.  gr.  1.300  to  1.400  it  satisfies  official  requirements 
{Liquor  Sodii  Silicatis,  U.  S.  P.). 

The  foregoing  operation  constitutes  the  test  for  silicates.  By 
fusion  with  alkali  the  silicate  is  decomposed,  and  a  soluble  alkaline 
silicate  formed.  On  addition  of  acid,  silicic  acid  (H^SiO^)  is  set  free, 
but  remains  in  solution  if  sufficient  water  is  present.  The  heat  sul> 
sequently  applied  eliminates  water  and  reduces  the  silicic  acid  to 
silica  (SiOj),  which  is  insoluble  in  water  or  acid.  By  the  addition 
of  hydrochloric  acid  to  soluble  glass,  and  removal  of  the  resulting 
alkaline  chloride  and  excess  of  hydrochloric  acid  by  dialysis  (a  pro- 
cess to  be  subsequently  described),  a  pure  aqueous  solution  of  silicic 
acid  may  be  obtained  ;  it  readily  changes  into  a  gelatinous  mass  of 
silicic  acid.  Possibly  some  of  the  natural  crystallized  varieties  of 
silica  may  have  been  obtained  from  the  silica  contained  in  such  an 
aqueous  solution,  nearly  all  waters  yielding  a  small  quantity  of 
silica  when  treated  as  above  described. 

A  variety  of  silicic  acid  (H^SiOj)  sometimes  termed  dibasic,  to 
distinguish  it  from  the  normal  or  tetrabasic  acid  (Il^SiOJ,  results 
when  the  aqueous  solution  of  the  latter  is  evaporated  in  vacuo. 

Siliciu/reif.ed  hydrogen,  or  hydride  of  silicon  (SiH^),  is  a  .sponta- 
neously inflammable  gas  formed  on  treating  silicide  of  magnesium 
with  hydrochloric  acid.  It  is  the  analogue  of  light  carburetted 
hydrogen  (CII^).  A  liquid  chloride  of  silicon  (SiClJ  and  a  gaseous 
fluoride  (SiF^)  also  exist.  Many  other  analogies  are  ti-aceable 
between  the  elements  silicon,  boron,  and  carbon  (see  p.  330). 

SucciMC  Acid  (ri.2C.,ri^0^). — Amber  {Succinum)  is  a  peculiar  resin 
usually  occurring  in  association  with  coal  and  lignite.  From  the  fact 
that  fragments  of  coniferous  fruit  are  frequently  found  in  amber,  and 
impressions  of  bark  on  its  surface,  it  is  considered  to  have  been  an 
exudation  from  a  species  of  Pinus  now  probably  extinct.  Heated  in 
a  retort,  amber  yields,  first,  a  sour  aqueous  liquid  containing  acetic 
acid  and  another  characteristic  body  appropriately  termed  succinic 
ucid;  second,  a  volatile  liquid  known  as  oil  of  amber  (Oleum  Suc- 
cini,  U.  S.  P.),  resembling  the  oil  yielded  by  most  resinous  sub- 
stances under  similar  circumstances ;  and,  third,  a  pitchy  residue 
allied  to  asphalt.  The  succinic  acid  is  a  normal  constituent  of  the 
amber;  the  acetic  acid  is  produced  during  distillation.  Succinic  acid 
has  also  ])een  found  in  wormwood,  in  several  pine-resins,  and  in  cer- 
tain animal  fluids,  such  as  those  of  hydatid  cj-sts,  and  hj-drocele. 
It  may  be  obtained  artificially  from  butyric,  stearic,  or  margaric  acid 
by  oxygen.  Tartai'ic,  malic,  and  succinic  acids  are  also  convertible 
the  one  into  the  other. 

The  succinates  are  normal  (R'.^C JI^O.,)  and  acid  (R'lIC JI^O^) ; 
a  double  succinate  of  potassium  and  hydrogen  (KIIC^II^O^jIIjC^II^O^,- 
H^O),  analogous  to  the  superacid  oxalate,  salt  of  sorrel,  also  exists. 

Soluble  succinates  give  a  bulky  brown  precipitate  with  neu- 
tral ferric  chloride,  only  less  voluminous  than  ferric  bcnzoate ; 
a  white  precipitate  with  acetate  of  lead,  soluble  in  excess  of 
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either  reagent ;  with  nitrate  of  silver,  a  white  precipitate  after 
a  time ;  with  chloride  of  barium,  no  precipitate  at  first,  but  a 
white  one  of  succinate  of  barium  on  the  addition  of  ammonia 
and  alcohol.  Succinates  are  distinguished  from  benzoates  by 
the  last-named  reaction,  and  by  not  yielding  a  precipitate  on 
the  addition  of  acids  (vide  j). 

SuLPiiocYANio  Acid  (HCyS)  and  other  Sulphocyan- 
ATES. — Boil  together  sulphur  and  solution  of  cyanide  of  potas- 
sium ;  solution  of  sulphocyanate  of  potassium  (KCyS)  is  formed. 
Warai  the  liquid,  add  hydrochloric  acid  till  it  faintly  reddens 
litmus-paper,  and  filter ;  any  sulphide  of  potassium  is  thus  de- 
composed, and  the  solutions  may  then  be  used  for  the  follow- 
ing reactions. 

Tests. — Filter,  and  to  a  small  portion  of  the  solution  add  a 
ferric  salt  (Fe.^Cln)  ;  a  deep  blood-red  solution  of  ferric  sulpho- 
cyanate is  formed.  To  a  portion  of  the  red  liquid  add  a  little 
hydrochloric  acid ;  the  color  is  not  discharged  (meconate  of 
iron,  a  salt  of  similar  tint,  is  decomposed  by  hydrochloric  acid). 
In  the  acid  liquid  place  a  fragment  or  two  of  zinc  ;  sulphuretted 
hydrogen  is  evolved,  and  the  red  color  disappears.  To  another 
portion  of  the  ferric  sulphocyanate  add  solution  of  corrosive 
sublimate  ;  the  color  is  at  once  discharged.  (Ferric  meconate 
is  unaffected  by  corrosive  sublimate.)  The  ferric  is  the  best 
test  of  the  presence  of  a  sulphocyanate  ;  indirectly,  it  is  a  good 
test  of  the  presence  of  hydrocyanic  acid  or  cyanogen.  Solutions 
of  pure  ferrous  salts  are  not  colored  by  the  solution  of  sulpho- 
cyanate.   Red  ferric  acetate  is  decomposed  by  ebullition. 

Neither  the  ferric  acetate  nor  the  meconate  yields  its  color 
to  ether ;  but  on  shaking  ferric  sulphocyanate  solutions  with 
ether  the  latter  takes  up  the  salt  and  becomes  of  a  purple  color. 

To  solution  of  a  sulphocyanate  add  solution  of  mercuric 
nitrate ;  mercuric  sulphocyanate  is  precipitated  as  a  white 
powder. 

Pharanli'a  Sn-pents. — Mercuric  sulphocyanate,  thoroughly  washed 
and  made  up  into  little  cones,  forms  the'  toy  culled  Pharaoh's  Ser- 
pent. It  readily  burns  when  ignited,  the  chief  product  being  a 
light  solid  matter  (mellon,  CjN,^,  and  the  melam,  CJicNu),  which 
issues  from  the  cone  in  a  snake-like  coil  of  extraordinary  length. 
The  other  products  arc  mercuric  sulphide  (of  which  part  remains  in 
the  snake  and  part  i»  vohitilizcd),  nitrogen,  sulphurous,  and  car- 
bonic acid  gases,  and  vapor  of  metallic  mercury.  (For  details  con- 
cerning the  economical  nuinufacture  of  sulphocyanatcs,  see  Pliar- 
maceulicul  Journal,  second  scries,  vol.  vii.  p.  581  "and  p.  152.) 

The  sulphocyanic  radical  (CyS)  is  often  termed  sulphocyanogen 
(Scy),  and  its  compounds  regarded  as  sidjjhocyanides.    Saliva  con- 
tains sulphocyanates. 
31)  « 
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Tannic  Acid,  or  Tannin  {Acidrnn  Tannicum,  U.  S.  P.,  C,^H,(,Og, 
chiefly). — This  is  a  common  astringent  constituent  of  plants,  but  is 
contained  in  largest  quantity  in  galls  (excrescences  on  the  oak 
formed  by  the  puncture  and  deposited  ova  of  an  insect).  English 
galls  contain  from  14  to  28  per  cent,  of  tannic  acid ;  Aleppo  galls 
(Galla,  U.  S.  P.)  from  25  to  05  per  cent.  It  is  present  also  in  the 
White  Oak  {Quercus  Alba,  U.  S.  P.). 

Process. — "  Expose  powdered  galls  (about  an  ounce  is  suffi- 
cient for  the  purpose  of  study)  to  a  damp  atmosphere  for  two 
or  three  days,  and  afterward  add  sufficient  ether  to  form  a  soft 
paste.  Let  this  stand  in  a  well-closed  vessel  for  twenty-four 
hours ;  then,  having  quickly  enveloped  it  in  a  linen  cloth,  sub- 
mit it  to  strong  pressure  so  as  to  separate  the  liquid  portion, 
which  contains  the  bulk  of  the  tannin  in  solution.  Reduce  the 
pressed  cake  to  powder,  mix  it  with  sufficient  ether,  to  wbich 
one-sixteenth  of  its  bulk  of  water  has  been  added,  to  form 
again  a  soft  paste,  and  press  this  as  before.  Mix  the  expressed 
liquids,  and  expose  the  mixture  to  spontaneous  evaporation 
until,  by  the  aid  subsequently  of  a  little  heat,  it  has  acquired 
the  consistence  of  a  soft  extract ;  then  place  it  on  earthen 
plates  or  dishes  and  dry  it  in  a  hot-air  chamber  at  a  tempera- 
ture not  exceeding  212°." 

The  resulting  tannic  acid  occurs  in  pale  yellow  vesicular 
masses  or  thin  glistening  scales,  with  a  strongly  astringent 
taste  and  an  acid  reaction,  readily  soluble  in  water  and  recti- 
fied spirit,  very  sparingly  soluble  in  pure  ether,  though  soluble 
in  the  ethereal  fluid  used  in  the  foregoing  process — a  fluid 
which  is  really  a  mixture  of  true  ether,  water,  and  alcohol 
(both  the  latter  contained  in  the  common  "  ether  "),  and  a  little 
added  water  also. 

Medicinal  Uses. — Tannic  acid  is  very  soluble  in  water,  and  in  this 
form  is  usually  administered  in  medicine. 

Tests. — To  an  aqueous  solution  of  tannic  acid  add  aqueous 
solution  of  gelatine ;  a  yellowish-white  flocculent  compound  of 
the  two  substances  is  precipitated.  This  is  a  good  test  of  the 
presence  of  tannic  acid. 

Tannine/. — The  above  reaction  also  serves  to  explain  the  chemical 
principle  involved  in  tanning — the  operation  of  converting  skin  into 
leather.  In  that  process  the  skin  is  soaked  in  infusion  of  oak-bark 
{Quercus  cortex),  the  tannic  acid  of  which,  uniting  with  the  gelati- 
nous tissues  of  the  skin,  yields  a  compound  very  well  represented  by 
the  above  precipitate.  The  outer  bark  of  the  oak  contains  little  or 
no  tannic  acid,  and  is  commonly  shaved  off  from  the  pieces  of  bark 
which  are  large  enough  to  handle ;  useless  coloring-matter  is  thus 
also  rejected.    Other  infusions  and  extracts  besides  that  of  oak-bark 
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(chiefly  catechu,  sumach,  and  valonia)  arc  largely  used  by  tanners : 
if  used  alone  those  act  too  quickly,  and  <five  a  harsh,  hard,  less- 
durable  leather.  The  tannic  acid  of  those  preparations  is  probably 
slightly  diflerent  from  that  of  oak-bark. 

To  an  aqueous  solution  of  tannic  acid  add  a  neutral  solution 
of  a  ferric  salt ;  dark  bluish-black  tannate  of  iron  is  slowly 
precipitated.  This  is  an  excellent  test  for  the  presence  of  tan- 
nic acid  in  vegetable  infusions.  The  precipitate  is  the  basis  of 
nearly  all  black  writing-inks.  Ferrous  salts  give  at  first  only 
a  slight  reaction  with  tannic  acid ;  but  the  liquid  gradually 
darkens.  Characters  written  with  this  liquid  beconae  quite 
black  in  a  few  hours,  and  are  very  permanent. 

To  an  aqueous  solution  of  tannic  acid  add  solution  of  tartar- 
emetic  ;  tannate  of  antimony  is  precipitated.  This  reaction  and 
that  with  gelatin  are  useful  in  the  quantitative  estimation  of 
the  amount  of  tannic  acid  in  various  substances. 

Tannic  acid  as  it  occurs  in  oak-bark  is  said  to  be  a  glucoside,  that 
is,  like  several  other  substances,  yields  glucose  (grape-sugar)  when 
boiled  with  dilute  sulphuric  or  hydrochloric  acid,  the  other  product 
being  gallic  acid. 

Catechu,  Gambler,  or  Terra  Japonica,  an  extract  of  the  Uncaria 
Gambler;  as  well  as  the  true  Catechu,  Cutch,  or  Terra  Japonica,  an 
extract  from  the  Acacia  catechu  {Catechu,  U.  S.  P. ;  Catechu  nigrum, 
P.  I.)  and  A.  Suma;  East  Indian  Kino  {Kino,  U.  S.  P.)  from  the 
Ptei-ocarjms  marsupium ;  also  Bengal  or  Butea  Kino,  from  the  Palas 
or  Dhak  tree,  Butea  frondosa  {Batea;  gummi  vel  Kino  Bengalensis, 
P.  I.);  Elm-bark  {Ulmi  Cortex,  B.  P.);  and  some  other  vegetable 
products,  contain  a  variety  of  tannic  acid  {mimotannic  acid),  which 
gives  a  greenish  precipitate  with  neutral  solutions  of  ferric  salts. 
According  to  Paul  and  Kingzett  it  yields,  when  decomposed,  unfer- 
mentahle  sugar,  and  an  acid  diflferent  from  ordinary  gallic  acid. 
Catechu  and  Gambler  also  contain  catechuic  acid  or  catechin, 
CjjHi^Oj,  a  body  occurring  in  minute  colorless  acicular  crystals, 
andj  like  mimotannic  acid,  affording  a  green  precipitate  with  ferric 
salts. 

Bael  fruit  {Belce  Fructus,  B.  P.),  from  the  yEgle  Marmelos,  is  said 
to  owe  its  power  as  a  remedy  for  dysentery  and  diarrhoea  to  a  variety 
of  tannic  acid,  but  this  is  questionable.  About  10  per  cent,  of  tannic 
acid  is  contained  in  the  leaves  of  Cantanea  venca  {Custanea,  U.  S.  P.), 
the  tree  yielding  the  common  edible  Spanish  chestnuts.  Tlie  rind 
of  the  fruit  of  the  pomegranate  {Punica  granutum)  {Granati  Cortex, 
P.  I.)  contains  tannic  acid.  The  astringoncy  of  Pomegranato-root 
Bark  {Granatuni,  U.  S.  P.)  is  due  to  a  tannic  acid  (its  anthelmintic 
properties  probably  to  a  resinoid  matter  or  possil)ly  to  what  Tanret 
states  to  be  a  li((uid  alkaloid,  pelliticrine,  C,„[I.,„N./).,).  A  tannic 
acid  also  probably  gives  the  astringency  to  Logwood  {Jlccmatoxglon, 
U.  S.  P.),  the  color  of  which  is  due  to  oxidized  hcEmatoxf/iin.  Itha- 
tany-TQoi  bark  {Krameria,  U.  S.  P.)  contains  about  20  por  cent,  of 
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tannic  acid,  its  .active  astringent  principle:  rhubarb-root,  about  9 
per  cent.  BcarberrijAeixwQa  (Uoa  Lfrsi,  U.  fe.  P.)  owe  most  of  their 
therapeutic  power  to  about  35  per  cent,  of  tannic  acid.  (The  cause 
of  their  influence  on  the  kidneys  is  not  yet  traced.)  They  also  con- 
tain arbidin,  a  crystalline  glucoside.  Larch-bark  {Laricis  Cortex, 
B.  P.),  the  inner  bark  of  Finns  larix  or  Larix  europoea,  contains, 
according  to  Stenhouse,  a  considerable  amount  of  a  tannic  acid 
giving  olive-green  precipitates  with  salts  of  ii'on,  and  lurixin  and 
larixinic  acid  (CjqIIjqO^),  a  somewhat  bitter  substance.  Arcca  nuts 
or  Betel  nuts  (Areca,  B.  P.),  from  the  Areca  Palm  {Areca  catechu), 
contain,  according  to  Fluckiger  and  Hanbury,  about  15  per  cent, 
of  "  tannic  matter."  The  extract  of  the  fruit  of  Gal>,  or  Diospyros 
embryopteris  {Diospyri  Fnictus,  P.  I.),  is  a  powerful  astringent  con- 
taining tannic  acid.  The  rhizome  {Geranivm,  U.  S.  P.)  of  Geranium 
maculatum,  Spotted  Cranesbill  or  Arum-root,  contains  both  tannic 
and  gallic  acids.  Sumac  or  Shumac,  or  Sumach,  the  leaves  and 
stalks  of  various  species  of  Rhus,  chiefly  Rhus  coriaria,  contains 
ordinary  tannic  acid  and  gallic  acid.  The  fruit  of  sumach  (Rhus 
glabra,  U.  S.  P.)  contains  tannic  and  much  malic  acid.  The  bark  of 
Frinos  verticillalus,  the  Black  Alder  or  Winterberry  (Frinos,  U.  S.  P.), 
contains  tannin  and  a  bitter  principle.  The  principal  constituent  of 
the  bark  of  the  root  of  Rabus  villosus,  or  high  blackberry,  and  of  R. 
canadensis  and  R.  trivialis  {Rubus,  U.  S.  P.),  is  tannic  acid. 

Gallic  Acid  (H,G^}1,0„T^,0)  (Acidum  GaWcum,  U.  S.  P.) 
occurs  in  small  quantity  in  oak-galls  and  other  vegetable  sub- 
stances, but  is  always  prepared  from  tannic  acid.  Powdered 
galls  are  moistened  with  water  and  set  aside  in  a  warm  place 
for  five  or  six  weeks,  or  until  a  little  treated  with  water  and 
filtered  yields  a  solution  which  is  only  slightly  precipitated 
with  solution  of  isinglass,  occasionally  being  remoistened ;  fer- 
mentation occurs,  and  impure  gallic  acid  is  formed.  The  prod- 
uct is  treated  with  about  three  times  its  weight  of  water, 
boiled  to  dissolve  the  gallic  acid,  filtered,  the  solution  set  aside 
to  cool,  deposited  gallic  acid  collected,  drained,  pressed  between 
folds  of  paper  to  remove  all  mother-liquor,  and,  if  necessary, 
purified  by  recrystallization  from  water,  or  by  solution  in  hot 
water  with  animal  charcoal,  which  absorbs  coloring-matter. 
On  filtering  and  cooling,  most  of  the  acid  separates  in  the  form 
01  fawn-colored,  slender  acicular  crystals.  Gallic  acid  is  soluble 
in  about  100  times  its  weight  of  cold  or  3  of  boiling  water, 
freely  in  spirit,  sparingly  in  ether,  also  in  glycerin. 

The  nature  of  the  action  by  which  gallic  acid  is  thus  produced  is 

Erobably  similar  to  that  of  the  action  of  dilute  acids  on  tannic  acid, 
•uring  the  process  oxygen  is  absorbed  and  carbonic  acid  gas 
evolved,  the  sugar  being  thus  broken  up  or  perhaps  prevented 
from  being  formed. 

Test, — To  an  aqueous  solution  of  gallic  acid  add  a  neutral 
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solution  of  ferric  salt;  a  bluish-black  precipitate  of  gallate  of 
iron  falls,  similar  in  appearance  to  tannate  of  iron.  Ferrous 
salts  are  also  blackened  by  gallic  acid.  To  more  of  the  solu- 
tion add  an  aqueous  solution  of  gelatin  ;  no  precipitate  occurs. 
By  the  latter  test  gallic  acid  is  distinguished  from  tannic  acid. 

Pyrogallic  Acid  or  Pyrogallul  (C^ITeO.,). — This  substance  sublimes 
in  light  feathery  crystals  when  gallic  acid  is  heated.  Or  it  may  be 
fornied  by  heating  gallic  acid  with  3  or  4  times  its  weight  of  glycerin 
to  190°  or  2(J0°  C.  for  a  short  time  until  carbonic  acid  gas  ceases  to  be 
evolved.  Longer  heating  at  a  lower  temperature  is  not  equally  effec- 
tive, and  below  100°  C.  probably  no  pyrogallol  is  produced  (Thorpe). 
To  an  aqueous  solution  add  a  neutral  solution  of  a  ferric  salt,  a  red 
color  is  produced.  To  another  portion  add  a  ferrous  salt ;  a  deep- 
blue  color  results. 

Test  for  the  T'/tree  Acids. — To  throe  separate  small  quantities  of 
milk  of  lime  in  test-tubes  add,  respectively,  tannic,  gallic,  and  pyro- 
gallic  acids ;  the  first  slowly  turns  brown,  the  second  more  rapidly, 
while  the  pyrogallic  mixture  at  once  assumes  a  beautiful  purplish- 
red  color,  changing  to  brown.  These  reactions  are  highly  character- 
istic.   They  are  accompanied  ))y  absorption  of  oxygen  from  the  air. 

Use  of  Fijrof/allic  Acid  in  Gas-anahjsis. — A  mixture  of  pyrogallic 
acid  afid  solution  of  potash  absorbs  oxygen  with  such  rapidity  and 
completeness  that  a  strong  solution  of  each,  passed  up  successively 
by  a  pipette  into  a  graduated  tube  containing  air  or  other  gas,  forms 
an  excellent  means  of  estimating  free  oxygen.  The  value  of  this 
method  may  be  roughly  proved  by  pouring  a  small  quantity  of  each 
solution  into  a  phial,  immediately  and  firmly  closing  its  mouth  with 
a  cork,  thoroughly  shaking  the  mixture,  and  then  removing  the  cork 
under  water;  the  water  rushes  in  and  occupies  about  one-fifth  of  the 
previous  volume  of  air,  indicating  that  the  atmosphere  contains  one- 
fifth  of  its  bulk  of  oxygen.  The  small  amount  of  carljonic  acid  gas 
present  in  the  air  is  also  absorbed  by  the  alkaline  liquid;  in  delicate 
experiments  this  should  be  removed  by  the  alkali  before  the  addition 
of  pyrogallic  acid. 

Tozirodendric  Acid  is  the  volatile,  excessively  acrid  and  poisonous 
principle  of  the  I'oison  Oak  or  Poison  Ivy,  the  fresh  leaves  of  which 
arc  official  {Rhus  ioxicudciulron,  U.  S.  P.),  Maiscli. 

Uric  Acid  (IT.,CsH.,N,,0:i)  and  other  Urates. — Acidulate 
a  few  ounces  of  human  urine  with  hydrochloric  acid,  and  set 
aside  for  twenty-four  hours ;  a  few  minute  crystals  of  nric  acid 
will  be  found  adhering  to  the  sides  and  bottom  of  the  vessel 
and  floating  on  the  surface  of  the  liquid. 

Micmficojncdl  Test. — lieniove  some  of  the  floating  jiarticles 
by  a  slip  of  glass,  and  examine  by  a  powerful  Ions  or  micro- 
scope ;  the  chief  portion  will  be  found  to  be  in  yellowish  semi- 
transparent  crystals,  more  or  less  sqnare,  two  of  the  sides  of 
which  are  even,  and  two  very  jagged  ;  but  other  forms  are 
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common  (see  the  lithographs  in  the  section  on  Urinary  Sedi- 
ments.) 

Chemical  Test. — Collect  more  of  the  deposit,  place  in  a  watch- 
glass  or  small  white  evaporating-dish,  remove  adherent  moisture 
by  a  piece  of  blotting-  or  filter-paper,  add  a  drop  or  two  of 
strong  nitric  acid,  and  evaporate  to  dryness ;  the  residue  will 
be  red.  When  the  dish  is  cold  add  a  drop  of  solution  of  am- 
monia ;  a  purplish-crimson  color  results.  The  color  is  deepened 
on  the  addition  of  a  drop  of  solution  of  potash. 

Notes. — Uric  acid  (or  lithie  acid)  and  urates  (or  lithates)  of  sodium, 
potassium,  calcium,  and  ammonium  are  common  constituents  of  an- 
imal excretions.  Human  urine  contains  about  one  part  of  urate 
(usually  urate  of  sodium)  in  1000.  When  more  than  this  is  present 
the  urate  is  often  deposited  as  a  sediment  in  the  excreted  urine, 
either  at  once  or  after  standing  a  short  time.  Uric  acid  or  other 
urate  is  also  occasionally  deposited  before  leaving  the  bladder,  and, 
slowly  accumulating  there,  forms  a  common  variety  of  urinary  cal- 
culus. Some  urates   are  not  definitely  crystalline ;  but  when 

treated  with  dilute  nitric  acid  or  a  drop  of  solution  of  potash,  and 
then  a  drop  or  two  of  acetic  acid,  jagged  microscopic  crystals  of 
uric  acid  are  usually  formed. — All  urates  yield  the  crimson  color 
when  treated  as  above  described.  This  color  is  due  to  a  definite 
substance  murexid  (CgHgNgOg)  (from  the  murex,  a  shell-fish  of 
similar  tint) ;  and  the  test  is  known  as  the  murexid  test.  The 
formation  of  murexid  is  due  to  the  action  of  ammonia  on  alloxan 
(C4H2lV20^,4H20)  and  other  white  crystalline  products  of  the  oxida- 
tion of  uric  acid  by  nitric  acid.  Murexid  is  a  good  dj^e;  it  may  be 
prepared  from  guano  (the  excrement  of  sea-fowl),  which  contains  a 
lai'ge  quantity  of  urate  of  ammonium.  The  excrement  of  the  ser- 
pent is  almost  pure  ammonium  urate. 

Uric  acid  and  the  urates  will  be  again  alluded  to  in  connection 
with  the  subject  of  morbid  urine. 

Valerianic  Acid  or  Valeric  Acid  (HCsHaO^)  and 
OTHER  Valerianates. — In  a  test-tube  place  a  few  drops  of 
amylic  alcohol  (fusel  oil)  with  a  little  dilute  sulphuric  acid 
and  a  grain  or  two  of  red  chromate  of  potassium,  cork  the  tube, 
set  aside  for  a  few  hours,  and  then  heat  the  mixture  ;  valerianic 
acid,  of  characteristic  valerian-like  odor,  is  evolved. 

Valerianic  acid  occurs  naturally  in  valerian-root  in  association 
with  the  essential  oil  from  which  it  is  derived  {cide  Index),  but  is 
usually  prepai'ed  artificially,  by  the  foregoing  process,  from  amylic 
alcohol,  to  which  it  bears  the  same  relation  as  acetic  acid  does  to 
common  alcohol : — 

CjHJIO  -f-  0„  =  HC JI3O2  +  ILO 
+  0,  =  HC5IIA  +  H,0. 

Valerianate  of  Sodium  (NaCsHaOa)  is  prepared  from  the  va- 
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lerianic  acid  and  valerianate  of  amyl  obtained  on  distilling  the 
mixture  of  amy  lie  alcohol  (4  fl.  oz.),  sulphuric  acid  (6?  ti.  oz. 
with  10  of  water),  and  red  chromate  of  potassium  (9  oz.  in  70 
of  water).  The  mixture  should  stand  for  several  hours  before 
heat  is  applied. 

2(K3CrO^,CrO:,)  +  8H,S0,  =  2(K,SO„Cr,3SO0  +  8H,0  +  30, 

lied  chromate  of  Sulphuric         Sulphate  of  potassium  Water.  Oxy- 

potasslum.  acid.  and  chromium  geu. 

(Chrome  alum). 

CsHhHO  +  0,  =  HCHsO,  +  H,0 

Am.vlic  Oxygen.        Valerianic  Water, 

alcohol.  acid. 

2C5H„HO  +  0,  -  C5HHC5H9O,  +  2H,0 

Amylic  Oxygen.         Valerian.ato  Water, 

alcohol.  of  amyl. 

The  distillate  (70  or  80  oz.)  is  saturated  with  soda,  which  not 
only  yields  valerianate  of  sodium  with  the  free  valerianic  acid,  but 
decomposes  the  valerianate  of  amyl  produced  at  the  same  time,  more 
valerianate  of  sodium  being  formed  and  some  amylic  alcohol  set 
free,  according  to  the  following  equations : — 

HCsHoO.,  +  NallO  =  NaCJIgO^  +  H^O 

Valerianic  Soda.  Valerianate  Water, 

acid.  of  sodium. 

CsH^CjIIA  +NaHO  =  NaCJIgO^  +  CjH^HO 

Valerianate  Soda.  Valerianate  Aniylio 

of  amyl.  of  sodium.  alcohol. 

From  the  solution  of  valerianate  of  sodium  (which  should  be 
made  neutral  to  test-paper  by  careful  addition  of  soda  solution) 
the  solid  white  salt  is  obtained  by  evaporation  to  dryness  and 
cautious  fusion  of  the  residue.  The  mass  obtained  on  cooling 
should  be  broken  up  and  kept  in  a  well-closed  bottle.  It  is 
entirely  soluble  in  spirit. 

Other  Valerianates^  as  valerianate  of  zinc  (^Zinci  Valertanas, 
XJ.  S.  p.)  and  ferric  valerianate  (Ferri  Valerianas,  U.  S.  P. ; 
Fe^GCsHjiOj),  may  be  made  by  double  decomposition  of  vale- 
rianate of  sodium  with  the  sulphate  or  other  salt  of  the  metal 
the  valerianate  of  which  is  desired,  the  new  valerianate  either 
precipitating  or  cry.stallizing  out.  A  hot  solution  of  sulphate 
of  zinc  (5 1  parts)  and  valerianate  of  sodium  (5  parts)  in  water 
(40  parts)  gives  a  crop  of  crystals  of  valerianate  of  zinc  on 
cooling. 

Tesfx. — Heated  with  diluted  sulphuric  acid,  valerianates  of 
the  metals  give  valerianic  acid,  which  has  a  highly  character- 
istic smell.  Valerianate  of  sodium  thus  treated,  and  the  result- 
ing oily  acid  li(juid  purified  by  agitation  with  sulphuric  acid 
and  distillation,  furnishes  valerianic  acid.    Dry  ammonia  gas 
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passed  into  valerianic  acid  gives  white  lamellar  crystals  of 
valerianate  of  ammonium  (Ainmoini  Valeriunaa,  U.  S.  P.). 

The  amylic  alcohol  (CjlIiJIO)  from  which  valerianates  are  pre- 
pared may  contain  the  next  lower  homologue,  hvij/lic  alcohol 
(CjIIgHO).  This,  during  oxidation,  will  be  converted  into  buli/- 
ric  acid  (IIC^HjO,),  the  next  lower  homologue  of  valerianic  acid 
(HCglTgOj),  and  hence  the  various  valerianates  be  contaminated  by 
some  bidi/rates.  These  are  detected  by  distillation  with  diluted  sul- 
phuric acid  and  addition  of  solution  of  acetate  of  copper  to  the  dis- 
tillate, which  at  once  becomes  turbid  if  butyric  acid  be  present.  In 
this  reaction  valerianic  and  butyric  acids  are  produced  by  double 
decomposition  of  tlie  valerianate  and  butyrate  by  the  sulphuric  acid, 
and  distil  over  on  the  application  of  heat.  On  the  addition  of  ace- 
tate of  copper  (CU2CJII3O2)  butyrate  of  copper  (Cu2C4H;Oj,IIjO)  is 
formed,  and,  being  almost  insoluble  in  water,  is  at  once  precipitated, 
or  remains  suspended,  giving  a  bluish-white  opalescent  liquid.  Va- 
lerianate of  copper  (Cu2C5ll|,02)  is  also  formed  after  some  time,  but 
is  far  more  soluble  than  the  butyi-ate,  and  only  slowly  collects  in 
the  form  of  greenish  oily  drops,  which  gradually  pass  into  grcen- 
ish-bhie  hydrous  ci'ystalline  valerianate  of  copper  (Larocque  and 
Iluralt). 

Vanillic  Acid  (HCgII,0„)  or  Vanillin  (CgllgOj)  or  Methylpro- 
TOCATECHuic  Aldehyd  (O^HjCHjO.,),  the  body  to  which  is  due  the 
odor  and  fl.avor  of  Vanilla.— The  white  crystals  commonly  found  on 
vanilla — the  prepared  unrijDc  pods  of  Vanilla  j)laniJ'olia — previously 
termed  vanillin,  were  found  by  Carles  to  be  a  weak  acid.  It  occurs 
in  vanilla  to  the  extent  of  from  H  to  3  per  cent.  Vanillin  has 
recently  been  prepared  artificially  by  Tiemann  and  Ilaarmann  from 
coniferin,  a  glucoside  existing  in  the  sapwood  of  pines.  The  body 
remaining  after  the  removal  of  glucose  from  coniferin,  or,  indeed, 
coniferin  itself,  by  action  of  a  mixture  of  red  chromate  of  potas- 
sium and  sulphuric  acid,  yields  the  vanillin.  It  also  may  be  ob- 
tained by  a  series  of  reactions  starting  from  that  of  carbonic  acid 
on  carbolate  of  potassium  ;  also  from  the  eugenol  of  oil  of  cloves. 
By  action  of  hydrochloric  acid,  vanillin  yields  chloride  of  methyl 
and  protocatechuic  aldehyd.  Such  reactions  will  be  better  under- 
stood when  the  pupil  has  studied  succeeding  sections  on  what  is 
commonly  termed  Organic  Chemistry.  Artificial  vanillin  is  less 
stable  than  natural  vanillin,  perhaps  because  with  the  latter  is  asso- 
ciated a  preservative  resin. 


QUESTIONS  AND  EXERCISES.  • 

619.  What  is  the  constitution  of  nitrites? 

620.  Mention  a  test  for  nitrites  in  potable  waters. 

621.  Which  nitrite  is  official  ? 

622.  Give  the  names  of  some  natural  and  artificial  silicates. 

623.  What  is  "  soluble  glass"  ? 

624.  Distinguish  between  silica  and  silicic  acid. 
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625.  How  ai'e  silicates  detected  ? 

626.  AVhat  is  the  quantivaleuce  of  silicon? 

627.  Mention  the  sources,  formulas,  and  analytical  reactions  of 
succinates. 

628.  State  the  mode  of  manufacture  and  tests  of  sulphocyanates. 

629.  What  proportion  of  tannic  acid  is  contained  in  galls  ? 

630.  Describe  a  process  for  the  preparation  of  Tannic  Acid  ? 

631.  Explain  the  chemistry  of  "  tanning." 

632.  Enumerate  the  tests  of  tannic  acid. 

633.  AVhat  is  the  assumed  constitution  of  tannic  acid? 

634.  Mention  official  substances  other  than  galls  whose  astrin- 
gency  is  due  to  tannic  acid. 

635.  How  is  gallic  acid  prepared  ? 

636.  By  what  reaction  is  gallic  distinguished  from  tannic  acid? 

637.  Mention  the  characteristic  properties  of  pyrogallic  acid. 

638.  E.Kplain  the  murexid  test  for  uric  acid. 

639.  Describe  the  artificial  preparation  of  valerianic  acid  and 
other  valerianates,  giving  diagrams  or  equations. 

640.  AVhat  is  the  formula  of  valerianic  acid  ? 

641.  How  are  buty rates  detected  in  presence  of  valerianates  ? 


DETECTION  OF  THE  ACIDULOUS  KADICALS  OF 
SALTS  SOLUBLE  IN  WATER. 

Analytical  operations  may  now  be  resumed,  the  detection  of  acid- 
ulous radicals  being  practised  for  two  or  three  days,  and  then  full 
analyses  made,  both  for  basylous  and  acidulous  radicals.  To  this 
end  a  few  compounds  of  stated  metals  (potassium,  sodium,  or  am- 
monium) should  be  placed  in  the  hands  of  the  practical  student  for 
examination  according  to  the  following  paragraphs  and  Tables. 
Mixtures  in  which  both  basylous  and  acidulous  radicals  may  be 
sought  should  then  be  analyzed. 

In  examining  salts  soluble  in  water,  and  concerning  which  no 
general  information  is  obtainable,  search  must  first  be  made  for  any 
basylous  radicals  by  the  appropriate  methods  (vide  page  219  or  255). 
Certain  metals  having  been  thus  detected,  a  little  reflection  on  the 
character  of  their  salts  will  at  once  indicate  what  acidulous  radicals 
may  be,  and  what  cannot  be,  present.  Thus,  for  instance,  if  the 
substance  under  examination  is  freely  soluble  in  water,  and  lead  is 
found,  only  the  nitric  and  acetic  radicals  need  be  sought,  none  other 
of  the  lead  salts  than  nitrate  or  acetate  being  freely  soluble  in 
water.  Moreover,  the  salt  is  more  likely  to  be  acetate  than  nitrate 
of  lead,  for  two  reasons :  the  former  is  more  soluble  than  the  latter, 
and  is  by  far  the  commoner  salt  of  the  two.  Medical  and  phar- 
maceutical students  have  probaldy,  in  dispensing,  already  learned 
much  concerning  the  solubility  of  salts,  and  whether  a  salt  is  rarely 
employed  or  in  common  use.  And  althougii  but  little  dependence 
can  be  placed  on  the  chances  of  a  salt  Ijcing  present  or  al)scnt 
according  to  its  rarity,  still  the  point  may  have  its  proper  weight. 
If,  in  a  mixture  of  salts,  ammonium,  potassium,  and  magnesium 
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have  been  found  associated  with  the  sulphuric,  nitric,  and  hydro- 
chloric radicals,  and  we  arc  asked  how  we  suppose  these  bodies  may 
exist  in  the  mixture,  it  is  far  moi'C  in  accordance  with  common  sense 
to  suggest  that  sal-ammoniac,  nitre,  and  Epsom  salt  were  originally 
mixed  together  than  to  suppose  any  other  possible  combination. 
Such  appeals  to  experience  regarding  the  solubility  or  rarity  of  salts 
cannot  be  made  by  any  one  not  previously  acquainted,  or  insuf- 
ficiently acquainted,  with  the  characters  of  salts :  in  such  cases  the 
relation  of  a  salt  to  water  and  acids  can  be  ascertained  by  referring 
to  the  following  Table  (p.  363)  of  the  solubility  or  insolubility  of 
about  five  hundred  of  the  common  or  rarer  salts  met  with  in  chem- 
ical operations. 

The  opposite  course  to  the  above  (namely,  to  ascertain  what  acid- 
ulous radicals  are  present  in  a  mixture,  and  then  to  appeal  to  ex- 
perience to  tell  what  basylous  radicals  may  be  and  what  cannot  be 
present)  is  impracticable  ;  for  acidulous  radicals  cannot  be  separated 
out,  one  after  the  other,  from  one  and  the  same  quantity  of  substance 
by  a  similar  treatment  to  that  already  given  for  basylous  radicals. 
Indeed,  such  a  sifting  of  acidulous  radicals  could  scarcely  be  accom- 
plished at  all,  or  only  by  a  vast  deal  of  labor.  The  basylous  radicals 
must,  thei'efore,  be  first  detected. 

Even  when  the  basylous  radicals  have  been  found,  the  acidulous 
radicals  which  may  be  present  must  be  sought  for  singly,  the  only 
additional  aid  which  can  be  brought  in  being  the  action  of  sulphuric 
acid,  a  barium  salt,  a  calcium  salt,  nitrate  of  silver,  and  ferric  chlo- 
ride on  separate  small  portions  of  the  solution  under  examination, 
as  detailed  in  the  second  of  the  following  Tables. 

Commence  the  anali/si'i  of  an  aqueous  solution  of  a  salt  or 
salts,  the  basylous  radicals  in  which  are  known,  by  writing  out 
a  list  of  the  acidulous  radicals  which  may  be,  or,  if  more  con- 
venient, of  those  which  cannot  be,  present.  To  this  end  consult 
the  following  Table  (p.  363)  of  the  solubility  of  salts  in  water. 
Look  for  the  name  of  the  metal  of  the  salt  in  the  vertical 
column  ;  the  letters  S  and  I  indicate  which  salts  are  soluble 
and  which  insoluble  in  water,  an  asterisk  attached  to  the  S 
meaning  that  the  salt  is  slightly  soluble.  The  acidulous  part 
of  the  name  is  given  in  the  top  line  of  the  Table.  All  the 
names  are  in  alphabetical  order,  for  facility  of  reference. 

Some  of  the  salts  marked  as  insoluble  in  water  are  soluble  in 
aqueous  solutions  of  soluble  sa'ts,  a  few  forming  soluble  double  salts. 
To  characterize  salts  as  soluble,  slightly  soluble,  or  insoluble  only 
roughly  indicates  their  relation  to  water :  on  the  one  hand,  very  few 
salts  are  absolutely  insoluble  in  water;  on  the  other,  there  is  a  limit 
to  the  solubility  of  every  salt. 

If  only  one,  tivo,  or  perhaps  three,  given  acidulous  radicals  can 
be  in  the  liquid,  test  directly  for  it  or  them  according  to  the  re- 
actions given  in  the  previous  pages.    If  several  may  be  present, 
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pour  small  portions  of  the  solutions,  rendered  neutral  if  necessai-y 
by  ammonia,  into  Jive  test-tubes,  and  add  r envied iveh/  mlplmric 
acid,  nitrate  or  Monde  of  barium,  chloride  of  calcium,  nitrate 
of  silver,  and  ferine  chloride  ;  then  consult  the  Table  on  page  364, 
in  order  to  correctli/  inteypret  the  effects  these  reagents  may  have 
p'-oduced. 

REMARKS  ox  THE  PRECEDING  TABLE. 

The  first  point  of  value  to  be  noticed  in  connection  with  this  Table 
is  one  of  a  negative  chai-acter ;  namely,  if  either  of  the  reagents 
gives  no  reaction,  it  is  self-evident  that  the  salts  which  it  decomposes 
with  production  of  a  precipitate  must  be  absent.  Then,  again,  if  the 
action  of  one  of  the  reagents  indicates  the  absence  of  certain  acid- 
ulous radicals,  those  radicals  cannot  be  precipitated  by  the  other  re- 
agents ;  thus,  if  the  action  of  sulphuric  acid  points  to  the  absence 
of  sulphides,  sulphites,  carbonates,  cyanides,  and  acetates,  these  salts 
may  be  struck  out  of  the  other  lists,  and  the  examination  of  subse- 
quent precipitates  be  so  far  simplified.  Or,  if  the  barium  pi'ecipitato 
is  soluble  in  hydrochloric  acid  and  the  calcium  precipitate  in  acetic 
acid,  neither  sulphates  nor  oxalates  can  be  present.  Observing  these 
and  other  points  of  difference,  which  will  be  seen  on  careful  and 
thoughtful  reflection,  and  remembering  the  facts  suggested  by  a 
knowledge  of  what  basylous  radicals  are  present,  one  acidulous  rad- 
ical after  the  other  may  be  struck  off  as  absent  or  present,  leaving 
only  one  or  two  as  the  objects  of  special  experiment.  Among  the 
chief  difficulties  to  be  encountered  will  be  the  separation  from  each 
other  of  chlorides,  bromides,  iodides,  and  cyanides,  or  of  tartrates 
from  citrates,  and  confirmatory  tests  of  the  presence  of  certain  com- 
pounds. These  maj  all  be  surmounted  on  referring  back  to  tlie 
reactions  of  the  various  radicals,  as  described  under  their  hydrogen 
salts,  the  acids. 

In  rendering  a  solution  neutral  for  the  application  of  the  various 
group-tests,  the  employment  of  any  lai'ge  amount  of  acid  or  of  alkali 
must  be  noted ;  the  presence  of  actual  alkalies  (that  is,  hydrates)  or 
of  acids,  respectively,  being  thereby  indicated. 

Sulphuric  acid,  the  first  group-test,  may  itself  yield,  especially 
when  heated  with  .some  solid  substances,  sulphurous  acid  or  hydro- 
sulphuric  acid  (see  pp.  .303  and  308) ;  hence  the  production  of  the 
latter  acids  from  a  diluted  solution  only  is  evidence  of  the  presence 
of  a  sulphide  or  sulphite. 

In  the  precipitate  produced  by  chloride  of  barium,  the  second 
group-test,  the  oxalic  radical  may  be  specially  sought  by  the  test 
described  in  the  "note"  on  p.  314. 

Chloride  of  calcium  does  not  precipitate  citrates  readily  or  com- 
pletely in  the  cold  ;  therefore  the  mixture  should  be  filtered  and  the 
filtrat(!  boiled  ;  calcium  citrate  then  falls.  Calcium  tartrate  is  soluble 
in  solution  of  chloride  of  ammonium  when  quite  freshly  precipitated, 
but  not  after  it  has  become  crystalline.  From  their  solution  in 
chloride  of  ammonium,  tartrate  of  calcium  is  mostly  precipitated 
by  ammonia,  and  citrate  on  boiling. 

The  rarer  acidulous  r.idicals  will  very  seldom  b(!  m(!t  Avith.  Ben- 
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zoates,  hippurates  (whicli  give  benzoic  acid),  hypochlorites^  hj/posiil- 
phites,  nitrites,  and  valerianates  show  themselves  under  the  sulphuric 
treatment.  Ferroa/aiiides,  J'erridajanides,  meronules,  succinates, 
sulphocyanatcs,  tannates,  and  gallates  appear  among  the  salts  whose 
pi-esence  is  indicated  by  ferric  chloride ;  _/o)-/wia<('.'?,  hi/pophosphites, 
malates,  and  others  by  nitrate  of  silver.  Urates  char  when  heated, 
giving  an  odor  resembling  that  of  burnt  feathers. 

In  actual  practice  the  analyst  nearly  always  has  some  clue  to  the 
nature  of  rarer  substances  placed  in  his  hands. 

If  chromiujn  and  arsenicum  have  been  detected  among  the  basy- 
lous  radicals,  those  elements  may  be  present  in  the  form  of  chromates, 
arseniates,  and  arsenites,  yielding  with  chloride  of  barium  yellow 
chromate  of  barium  and  white  arseniate  and  arsenite  of  barium,  and 
with  nitrate  of  silver,  red  chromate,  brown  arseniate,  and  yellow 
arsenite  of  silver. 


QUESTIONS  AND  EXERCISES. 

642.  In  analyzing  an  aqueous  solution  of  salts,  for  which  radicals 
would  you  first  search,  the  ba.sylous  or  the  acidulous?  and  why? 

64.3.  In  an  aqueous  solution  there  have  been  found  magnesium 
(Mg)  and  potassium  (K),  with  the  sulphuric  radical  (S04)and  iodine 
(I) ;  state  the  nature  of  the  salts  which  were  originally  dissolved  in 
the  water,  and  mention  the  principles  which  guide  you  in  the  con- 
clusions. 

644.  Give  a  sketch  of  the  method  by  which  to  analyze  a  neutral 
or  only  faintly  acid  aqueous  liquid  for  the  acidulous  radical  of  salts. 
In  what  stage  of  the  process  would  the  following  salts  be  detected  ? 

a.  Carbonates  and  Sulphates. 

h.  Oxalates. 

c.  Tartrates  and  Nitrates. 

d.  Acetates  and  Sulphites. 

e.  Bromides  and  Cyanides. 

f.  Borates. 

g.  Iodides  and  Phosphates. 

h.  Chlorates,  Oxalates,  and  Acetates. 

i.  Chlorides  and  Iodides. 
j.  Sulphites. 

k.  Sulphides,  Carbonates,  and  Nitrates. 

I.  Citrates  and  Sulphates. 

645.  Nitrate  of  silver  gives  no  precipitate  in  an  aqueous  solution  ; 
what  acidulous  radicals  maj^  be  present  ? 

646.  Chloride  of  barium  gives  no  precipitate  in  a  neutral  solution, 
but  nitrate  of  silver  a  white  ;  what  acidulous  I'adicals  are  indicated? 

647.  Ferric  chloride  produces  a  deep-red  color  in  a  solution,  chlo- 
ride of  calcium  yielding  no  precipitate;  what  salts  may  be  present? 
and  how  may  they  be  distinguished  from  each  other? 

648.  Perric  chloride  gives  a  black  precipitate  in  a  solution  in  which 
sulphuric  acid  develops  no  odor ;  to  what  is  the  effect  due? 
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ANALYSIS  OF  SALTS. 

SINGLE  OR  MIXED,  SOLUBLE  OR  INSOLUBLE. 

Thus  far,  all  material  substances,  especially  those  of  pharmaceutical 
interest,  have  been  regarded  as  being  dclinito  compounds,  and  as 
having  certain  well-defined  parts,  termed,  for  convenience,  basylous 
and  acidulous  respectively  ;  moreover,  attention  has  been  designedly 
restricted  to  those  definite  compounds  which  are  soluble  in  water. 
But  there  are  many  substances  having  no  definite  or  known  composi- 
tion ;  and  of  those  having  definite  composition  there  ai'e  many  having 
no  definite  or  ascertained  parts.  Again,  of  those  having  definite 
composition,  and  whose  constitution  admits  of  the  entertainment  of 
theory,  there  are  many  insoluble  in  water. 

Chemical  substances  of  whose  composition  or  constitution  little  or 
nothing  is  at  present  known,  are  chiefly  of  animal  and  vegetable 
origin,  and  figure  in  tables  of  analysis  under  the  convenient  collec- 
tive title  of  "  extractive  matter  ;"  they  are  not  of  immediate  import- 
ance, and  may  be  omitted. 

Of  substances  which  are  definite  in  composition,  but  whose  parts 
or  radicals,  if  they  have  any,  are  unknown  or  imperfectly  known, 
there  are  only  a  few  (such  as  the  alkaloids,  amylaceous  and  saccha- 
rine matters,  the  glucosides,  alcoholic  bodies,  albumenoid,  fatty, 
rosinoid,  and  colorific  substances)  which  have  any  considerable 
amount  of  medical  or  pharmaceutical  interest ;  these  will  be  noticed 
subsequently. 

Definite  compounds  most  frequently  present  themselves ;  and  of 
these  by  far  the  larger  proportion  (namely,  the  salts  soluble  in  water) 
have  already  been  fully  studied.  There  remain,  however,  many  salts 
which  are  insoluble  in  water,  but  which  must  be  brought  into  a  state 
of  solution  before  they  can  be  efi'ectively  examined  from  any  analyt- 
ical, pharmaceutical,  or  physiological  point  of  view.  The  next 
subject  of  laboratory  work  is,  therefore,  the  analysis  of  substances 
which  may  or  may  not  be  soluble  in  water.  This  will  involve  no 
other  analytical  schemes  than  those  which  have  been  given,  will  in 
only  one  or  two  cases  increase  the  difficulty  of  the  analysis  of  the 
precipitate  produced  by  a  group-reagent,  but  will  give  roundness, 
completeness,  and  a  practical  liearing  to  the  reader's  analytical  know- 
ledge. Such  a  procedure  will  at  the  same  time  bring  into  notice  the 
methods  by  which  substances  insolulile  in  water  are  manipulated  for 
pharmaceutical  purposes,  or  made  available  for  use  as  food  by  plants, 
or  as  food  and  medicine  jjy  man  and  animals  generally. 

Preliminary  Examination  of  Solid  (chiefly  Mineral)  Salts^ 

Before  attempting  to  dissolve  a  salt  for  analysis,  its  appearance 
and  other  physical  properties  should  ])e  noted,  and  tiie  influence  of 
heat  and  strong  sulphuric  acid  be  ascertained.  If  tiie  operator  knows 
how  to  interpret  what  is  thus  observed,  and  to  what  extent  to  place 
confidence  in  the  observations,  he  may  more  certainly  ol)tain  a  high 
degree  of  precision  in  analysis,  and  will  always  gain  sonu>  valuable 
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negative  information.  But  if  he  has  only  slight  experience  of  the 
appearance  and  general  properties  of  bodies,  or  has  the  habit  of  turn- 
ing what  should  be  inferences  from  tentative  processes  into  foregone 
conclusions,  he  should  omit  the  preliminary  examination  altogether, 
or  only  follow  it  out  under  the  guidance  of  a  judicious  tutor  ;  for  it 
is  impracticable  here  to  do  more  than  hint  at  the  results  which  may 
be  obtained  by  such  an  examination,  or  to  so  adapt  description  as  to 
prevent  a  student  from  allowing  unnecessary  weight  to  preconceived 
ideas. 

Whatever  be  the  course  pursued,  short  memoranda  describing  re- 
sults should  invariably  be  entered  in  the  note-book. 

1.  Examine  the  physicial  characters  of  the  salt  in  various 
ways,  but  never,  or  only  rarely,  by  the  palate,  on  account  of 
the  danger  to  be  apprehended. 

If  the  salt  is  white,  colored  substances  cannot  be  present ;  if 
colored,  the  tint  may  indicate  the  nature  of  the  substance  or  of  one 
of  its  constituents,  supposing  that  the  learner  is  already  acquainted 
with  the  colors  of  salts.  Closer  observation,  aided  perhaps  by  a 
lens,  may  reveal  the  occurrence,  in  a  pulverulent  mixture,  of  small 
crystals  or  pieces  of  a  single  substance  ;  these  should  be  picked  out 
by  a  needle  and  examined  separately.  In  a  powder  or  roughly  di- 
vided mixture  of  substances,  the  process  of  sifting  (through  such 
sieves  as  muslin  of  different  degrees  of  fineness)  often  mechanically 
separates  substances,  and  thus  greatly  facilitates  analysis.  The 
body  may  present  an  undoubted  metallic  appearance,  in  which  case 
only  the  metals  existing  under  ordinary  atmospheric  conditions  need 
be  sought.  Peculiarity  in  smell  reveals  the  presence  of  ammonia, 
hydrocyanic  acid,  hydrosulphuric  acid,  etc.  Between  the  fingers  a 
substance  is,  perhaps,  hard,  soft,  or  gritty ;  consequent  inferences 
follow.  Or  the  matter  may  be  heavy,  like  the  salts  of  barium  or 
lead  ;  or  light,  like  the  carbonates  and  hj-drates  of  magnesium  ;  or 
may  be  one  of  the  pharmaceutically  well-known  class  of  "scale" 
preparations. 

2.  Place  a  grain  or  two  of  the  salt  in  a  small  dry  test-tube 
or  in  a  piece  of  ordinary  tubing,  closed  at  one  end,  and  heat  it, 
at  first  gently,  then  more  strongly,  and  finally,  if  necessary,  by 
the  blowpipe. 

Gases  or  vapors  of  characteristic  appearance  or  odor  may  be 
evolved ;  such  as  iodine,  nitrous  fumes,  sulphurous,  h}"drocyanic,  or 
ammoniacal  gases.  Much  steam  given  by  a  dry  substance  indicates 
either  hydrates  or  salts  containing  Avater  of  crystallization.  (A 
small  quantity  of  interstitial  moisture  often  causes  heated  crystalline 
substances  to  decrepitate — from  decrepo,  I  crackle — that  is,  break 
up  with  slight  explosive  violence,  owing  to  the  expansive  force  of 
the  steam  suddenly  generated).  A  sublimate  may  be  obtained,  due 
to  salts  of  mercury  or  arsenicum,  to  oxalic  or  benzoic  acid,  or  to  sul- 
phur free  or  as  a  sulphide — a  salt  wholly  volatile  containing  such 
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substances  only.  The  compound  may  blacken,  pointing  to  the  pre- 
sence of  organic  matter — which,  in  common  definite  salts,  will  prob- 
ably be  in  the  form  of  acetates,  tartrates,  and  citrates,  or  as  common 
salts  of  the  alkaloids  morphine,  quinine,  strychnine,  or  as  starch,  sugar, 
salicin,  or  in  other  definite  or  indefinite  forms  common  in  pharmacy 
and  for  which  tests  will  be  given  in  subsecjucnt  pages.  If  no  char- 
ring occurs,  the  important  fact  that  no  organic  matter  is  present  is 
established.  The  residue  may  change  color  from  presence  or  develop- 
ment of  oxide  of  zinc,  oxide  of  iron,  etc.,  or  melt  from  the  presence 
of  a  fusible  salt  and  absence  of  any  large  proportion  of  infusible 
salts,  or,  1>eing  unaltered,  showing  the  absence  of  any  large  amount 
of  such  substances. 

3.  Place  a  grain  or  two  of  the  salt  in  a  test-tiibe,  add  a  drop 
or  two  of  strong  sulphuric  acid,  cautiously  smelling  any  gas 
that  may  be  evolved ;  afterward  slowly  heat  the  mixture, 
noticing  the  effect,  and  stopping  the  experiment  when  any  sul- 
phuric fumes  begin  to  escape. 

Iodine,  bromine,  and  nitrous  or  chlorinoid  fumes  will  reveal  them- 
selves by  their  color,  indicating  the  presence  of  iodides,  bromides, 
iodates,  bromates,  nitrates,  and  chlorates.  The  evolution  of  a  color- 
less gas  fuming  on  coming  into  contact  with  air,  and  having  an  irri- 
tating odor,  points  to  chlorides,  fluorides,  or  nitrates.  Gaseous  prod- 
ucts having  a  greenish  color  and  odor  of  chlorine  indicate  chlorates, 
hypochlorites,  or  chlorides  mixed  with  other  substances.  Slight 
sharp  explosions  betoken  chlorates.  Evolution  of  colorless  gas  may 
proceed  from  cyanides,  acetates,  sulphides,  sulphites,  carbonates,  or 
oxalates.  Charring  will  be  due  to  citrates,  tartrates,  or  other  organic 
matter.  If  none  of  these  effects  are  produced,  most  of  the  bodies 
are  absent  or  only  present  in  minute  quantity.  The  substances 
apparently  unaffected  by  the  treatment  are  metallic  oxides,  borates, 
sulphates,  and  phosphates. 

4.  Exposure  of  the  substances  to  the  blowpipe-flame,  on  plat- 
inum wire  with  or  without  a  bead  of  borax  or  microcosmic  salt 
(phosphate  of  sodium,  ammonium,  and  hydrogen,  NaAmHPO,) 
— on  platinum  foil,  in  a  porcelain  crucible,  or  on  a  crucible-lid 
with  or  without  carbonate  of  sodium — on  charcoal,  alone  or  in 
conjunction  with  carbonate  of  sodium,  cyanide  of  potassium, 
or  nitrate  of  cobalt,  will  sometimes  yield  important  informa- 
tion, especially  to  one  who  has  devoted  much  attention  to  re- 
actions produceable  by  the  blowpipe-flame.  The  medical  or 
pharmaceutical  student,  however,  will  seldom  have  time  to  work 
out  this  subject  to  an  extent  sufficient  to  make  it  a  trustworthy 
guide  in  analysis.  (See  Plattncr  and  Muspratt  On  the  Use 
of  the.  Blov/pipo.^  and  a  chapter  in  Galloway's  Manual  of 
(Quantitative  Anal^nii^. 
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Methods  of  Dissolving  and  Analyzing  Single  or  Mixed  Solid  Sub- 
stances. 

Having  submitted  the  substance  to  prcliminai~ij  examination,  pro- 
ceed to  dissolve  and  analyze  by  the  following  methods.  These  ope- 
rations consist  in  treating  a  well-powdered  sub.s1ance  consecutively 
with  cold  or  hot  water,  hydrochloric  acid,  nitric  acid,  nitro-hydro- 
chloric  acid,  or  fusion  with  alkaline  carbonates  and  solution  of  the 
product  in  water  and  acid.  Resulting  liquids  are  analyzed  in  the 
manner  already  described,  or  by  slightly  modifed  2}rocesses  as  de- 
tailed in  the  folloiving  paragraphs. 

Solution  in  Water. — Boil  about  a  grain  of  the  salt  presented 
for  analysis  in  about  a  third  of  a  test-tubeful  of  water.  If  it 
dissolves,  prepare  a  solution  of  about  20  or  30  grains  in  half  an 
ounce  or  more  of  water,  and  "proceed  icitli  the  amilysi^  in  the 
usual  way,  testing  first  for  the  basylous  radical  or  radicals  by 
the  proper  group  reagents  (HCl,  H^S,  AmHS,  Am^COa, 
Am.^HP04),  p.  220  or  255,  and  then  for  the  acidulous  radical 
or  radicals,  directly  or  by  aid  of  the  prescribed  reagents 
(H,SO„  BaCl„_  CaCl,,  AgNO,,  Fe,Clfi),  p.  364. 

If  the  salt  is  not  wliolly  dissolved  by  the  water,  ascertain 
whether  or  not  any  has  entered  into  solution,  by  filtering,  if 
necessary,  and  evaporating  a  drop  or  two  of  the  clear  liquid  to 
dryness  on  platinum  foil ;  the  presence  or  absence  of  a  residue 
gives  the  information  sought.  If  anything  is  dissolved,  pre- 
pare a  sufficient  quantity  of  solution  for  analysis  and  proceed 
as  usual,  reserving  the  insoluble  portion  of  the  mixture,  after 
thoroughly  exhausting  with  water,  for  subsequent  treatment 
by  acids. 

Solution  in  Hydrochloric  Acid. — If  the  salt  is  insoluble  in 
water,  digest  about  a  grain  of  it  (or  of  the  insoluble  portion 
of  a  mixed  salt)  in  a  few  drops  of  hydrochloric  acid,  adding 
water,  and  boiling  if  necessary.  If  the  salt  wholly  dissolves, 
prepare  a  sufficient  quantity  of  the  liquid,  noticing  whether  or 
not  any  effervescence  (due  to  the  presence  of  sulphides,  sul- 
phites, carbonates,  or  cyanides)  occurs,  and  proceed  with  the 
analysis  as  before,  except  that  the  first  step,  the  addition  of 
hydrochloric  acid,  may  be  omitted. 

The  analysis  of  this  solution  will  in  most  respects  be  simpler  than 
that  of  an  aqueous  solution,  inasmuch  as  the  majority  of  salts  (all 
those  soluble  in  water)  will  be  absent.  This  acid  solution  will,  in 
short,  only  contain :  chlorides  produced  by  the  action  of  the  hydro- 
chloric acid  on  sulphides,  sulphites,  carbonates,  cyanides,  oxides, 
and  hydrates ;  and  certain  borates,  oxalates,  phosphates,  tartrates, 
and  citrates  (possibly  silicates  and  fluorides)  which  are  insoluble  in 
water,  but  soluble  in  acids  without  apparent  decomposition.  The  first 
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four — sulphides,  sulphites,  carbonates,  and  cyanides — will  have  re- 
vealed themselves  by  the  occurrence  of  cH'ervescence  during  solution  ; 
and  the  presence  of  oxides  and  hydrates  may  often  be  inferred  by 
the  absence  of  compatible  acidulous  radicals.  The  borates,  oxalates, 
phosphates,  tartrates,  and  citrates  alluded  to  will  be  reprecipitated 
in  the  genei-al  analysis  as  soon  as  the  acid  of  the  solution  is  neutral- 
ized ;  that  is,  will  come  doM'n  in  their  original  state  when  ammonia 
and  sulphydrate  of  ammonium  are  added  to  the  usual  course.  Of 
these  precipitates,  only  the  oxalate  of  calcium  and  the  phosphates 
of  calcium  and  magnesium  need  occupy  attention  now  ;  for  o.xalate 
and  phosphate  of  barium  seldom  or  never  occur,  and  the  borates, 
tartrates,  and  citrates  met  with  in  medicine  or  in  general  analysis 
are  all  soluble  in  water.  These  phosphates  and  oxalates,  then,  will 
be  precipitated  in  the  course  of  analysis  along  with  iron,  their  pres- 
ence not  interfering  with  the  detection  of  any  other  metal.  If,  from 
the  unusual  light  color  of  the  ferric  precipitate,  phosphates  and 
oxalates  are  suspected,  it  is  treated  according  to  the  following 
Table  (reference  to  which  should  be  inserted  in  the  Table  for  metals, 
under  Fe,  pp.  220  and  255). 

PRECIPITATE  OF  PHOSPHATES,  OXALATES,  AND  FERRIC  HYDRATE. 


Dissolve  in  HCl,  add  citric  acid,  then  NH^HO,  and  filter. 


Filtrate 
Fe. 

Add  HCl  and 
K.Fcy. 
Blue  ppt. 

Precipitate 
Ca32PO„    CaC.p„  Mg32POi. 
Boil  in  acetic  acid  and  filter. 

Insoluble 
CaC„0,.* 
White. 
(CaFj  viai/ 
occur  here.) 

Filtrate 
Ca32PO„  Mg32PO,,. 
Add  Am^CjO^,  stir,  filter. 

Precipitate 
white,  including 
Ca22P03. 

Filtrate. 
Add  AraHO. 
White  ppt. 
MgNII.PO,, 

In  analyzing  phosphates  and  oxalates  advantage  is  also  frequently 
taken  of  the  facts  tnat  the  phosphoric  radical  is  wholly  removed 
from  solution  of  jphosphates  in  acid  by  the  addition  of  an  alkaline 
acetate,  ferric  chloride,  and  subsequent  ebullition,  as  described  un- 
der "Phosphoric  Acid"  (p.  .328),  and  that  dry  oxalates  are  converted 
into  carbonates  by  heat,  as  mentioned  under  "Oxalic  Acid"  (p.  314). 
See  also  p.  328,  4th  Analytical  Reaction. 


*  Oxalates  after  being  heated  effervesce  on  the  addition  of  acid ;  fluo- 
rides may  be  detected  by  the  "  etching  test." 
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Certain  arseniates  and  arsenites,  insoluble  in  water  but  soluble  in 
hydrochloi'ic  acid,  may  accompany  the  above  phosphates  and  oxa- 
lates if  from  any  cause  hydrosulphuric  acid  gas  has  not  been  pre- 
viously passed  through  the  solution,  or  passed  for  an  insufficient 
length  of  time. 

If  the  substance  insoluble  in  water  does  hot  xcIkjUij  dissolve 
in  hydrochloric  acid,  ascertain  if  any  has  entered  into  solution, 
by  filtering,  if  necessai'y,  and  evaporating  a  drop  of  the  clear 
liquid  to  dryness  on  platinum  foil;  the  presence  or  absence  of  a 
residue  gives  the  information  sought.  If  anything  is  dissolved, 
prepare  a  sufficient  quantity  of  solution  for  analysis,  and  proceed 
as  usual,  reserving  the  insoluble  portion  of  the  mixture,  after 
thoroughly  exhausting  with  hydrochloric  acid  and  well  wa.shing 
with  water,  for  the  following  treatment  by  nitric  acid. 

Solution  in  Nitric  Acid. — If  the  salt  is  insoluble  in  water 
and  hydrochloric  acid,  boil  it  (or  that  part  of  it  which  is  in- 
soluble in  those  menstrua)  in  a  few  drops  of  nitric  acid.  If  it 
wholly  dissolves,  remove  excess  of  acid  by  evaporation,  dilute 
with  water,  and  proceed  with  the  analysis. 

This  nitric  solution  can  contain  only  very  few  substances ;  for 
nearly  all  salts  soluble  in  nitric  acid  are  also  soluble  in  hydrochloric 
acid,  and  therefore  will  have  been  removed  previously.  Some  of  the 
metals,  however  (Ag,  Cu,  Hg,  Pb,  Bi),  as  well  as  amalgams  and 
alloys,  unaffected  or  scarcely  affected  by  hydrochloric  acid,  are  read- 
ily attacked  and  dissolved  by  nitric  acid.  Many  of  the  sulphides, 
also  insoluble  in  hydrochloric  acid,  are  dissolved  by  nitric  acid, 
usually  M'ith  separation  of  sulphur.  Calomel  is  converted,  by  long 
boiling  with  nitric  acid,  into  mercuric  chloride  and  nitrate.  The 
nitrates  here  produced  are  soluble  in  water. 

This  nitric  solution,  as  well  as  the  hydrochloric  and  aqueous  solu- 
tions, should  be  examined  sepai-ately.  Apparently  time  would  be 
saved  by  mixing  the  three  solutions  together  and  making  one  analy- 
sis. But  the  object  of  the  analyst  is  to  separate  every  radical  from 
evei'y  other ;  and  when  this  has  been  partially  accomplished  by  sol- 
vents, it  would  be  unwise  to  again  mix  and  separate  a  second  time. 
Moreover,  solvents  often  do  what  the  chemical  reagents  cannot — 
namely,  separate  salts  from  each  other.  This  is  important,  inas- 
much as  the  end  to  be  obtained  in  an  analysis  is  -not  only  an  enu- 
meration of  the  radicals  present,  but  a  statement  of  the  actual  con- 
dition in  which  they  are  present ;  the  analyst  must,  if  possible,  state 
of  what  salts  a  given  mixture  Avas  originally  formed — how  the  basy- 
lous  and  acidulous  radicals  were  originally  distributed.  In  attempt- 
ing this,  much  must  be  left  to  theoretical  considerations;  but  a  pro- 
cess by  which  the  salts  themselves  arc  separated  is  of  trustworthy 
practical  assistance ;  hence  the  chief  advantage  of  analyzing  sepa- 
rately the  solutions  resulting  from  the  action  of  water  and  acids  on 
a  solid  substance. 

Solution  in  Nitro- Hydrochloric  Acid. — If  the  salt  or  any 


ANALYSIS  OF  INSOLUBLE  SUBSTANCES. 


373 


part  of  a  mixture  of  salts  is  insoluble  in  water,  hydrochloric 
acid,  and  nitric  acid,  digest  it  in  uitro-hydrochloric  acid,  warm- 
ing or  even  boiling  gently  if  necessary  ;  evaporate  to  remove 
excess  of  acid,  dilute,  and  proceed  as  before. 

Sulphide  of  mercury  and  substances  only  slowly  attacked  by  hy- 
drochloric or  nitric  acid,  as,  for  example,  calomel  and  ignited  ferric 
oxide,  are  sufficiently  altered  by  the  free  chlorine  of  aqua  regia  to 
become  soluble. 

Analt/sis  of  Insoluble  Suhstances. 

If  the  substance  is  visoluble  in  icater  and  acids,  it  is  one  or 
more  of  the  following  substances :  Sand  and  certain  silicates, 
such  as  pipeclay  and  other  clays ;  fluor  spar ;  cryolite  (3NaF,- 
AIF3)  ;  sulphates  of  barium,  strontium,  and  possibly  calcium ; 
tinstone ;  antimonic  oxide ;  glass ;  felspar  (double  silicate  of 
aluminium  and  other  metals)  ;  chloride  of  silver ;  sulphate  of 
lead.  It  may  also  be  or  contain  carbon  or  carbonaceous  mat- 
ter, in  which  case  it  is  black  and  combustible,  burning  entirely 
or  partially  away  when  heated  in  the  air ;  or  be  or  contain  sul- 
phur, in  which  case  sulphurous  gas  is  evolved,  detected  by  its 
odor,  when  the  substance  is  heated  in  the  air.  A  di-op  of  so- 
lution of  sulphydrate  of  ammonium  added  to  a  little  of  the 
powder,  will  at  once  indicate  the  presence  or  absence  of  salts 
of  such  metals  as  lead  and  silver.  For  the  other  substances 
proceed  according  to  the  following  (Bloxam's)  method  : — 

Four  or  five  grains  of  the  dry  substance  are  intimately  mixed 
with  twice  the  quantity  of  dry  carbonate  of  sodium,  and  this 
mixture  well  rubbed  in  a  mortar  with  five  times  its  weight  of 
deflagrating  flux  (1  of  finely-powdered  charcoal  to  6  of  nitre). 
The  resulting  powder  is  placed  in  a  thin  porcelain  dish,  or 
crucible,  or  clean  iron  tray,  and  a  lighted  match  applied  to  the 
teentre  of  the  heap.    Deflagration  ensues,  and  decomposition  of 
he  various  substances  occurs,  the  acidulous  radicals  going  to 
he  alkali-metals  to  form  salts  soluble  in  water,  the  basylous 
adicals  being  simultaneously  converted  into  carbonates  or 
xides.    The  mass  is  boiled  in  water  for  a  few  minutes,  the 
ixture  filtered,  and  the  residue  well  washed.    The  filtrate 
ay  then  be  examined  for  acidulous  radicals  and  aluminium, 
nd  the  residue  dissolved  in  dilute  hydrochloric  acid  and  ana- 
yzed  by  the  ordinary  method. 

The  only  substance  which  resists  this  treatment  is  chrome-iron 
ore. 

To  detect  alkali  in  felspar,  glass,  or  cryolite,  Bloxain  recommends 
deflagration  of  the  powdered  mineral  with  one  part  of  sulphur  and 
six  of  nitrate  of  barium.    The  mass  is  boiled  in  water,  the  mixture 
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filtered,  liydrate  and  carhonate  of  ammonium  added  to  remove  bar 
rium,  the  iiiixturc  again  filtered,  and  the  filtrate  evaporated  and  ex- 
amined for  alkalies  by  the  usual  process. 

Ili/drates  and  Oxides. 

If  no  acidulous  radical  can  be  detected  in  a  substance  under 
analytical  examination,  or  if  the  amount  found  is  obviously  in- 
sufficient to  saturate  the  quantity  of  basylous  radical  present, 
the  occurrence  of  oxides  or  hydrates,  or  both,  may  be  suspected. 
Confirmation  of  their  presence  will  be  found  in  the  general 
ratber  than  in  any  special  behavior  of  the  substances.  Some 
hydrates  yield  water  when  heated — in  a  dry  test-tube  held 
nearly  horizontally  in  a  flame,  so  that  moisture  may  condense 
on  the  cool  pai-t  of  the  tube.  Some  oxides  yield  oxygen — de- 
tected by  heating  in  a  test-tube,  and  inserting  the  incandescent 
end  of  a  strip  of  wood.  Soluble  hydrates  cause  abundant  evo- 
lution of  ammonia  gas  when  heated  with  solution  of  chloride 
of  ammonium.  Soluble  hydrates  also  give  characteristic  pre- 
cipitates with  the  various  metallic  solutions.  Hydrates  and 
oxides  insoluble  in  water  not  only  neutralize  much  nitric  acid 
or  acetic  acid,  but  are  thereby  converted  into  salts  soluble  in 
water.  Most  oxides  and  hydrates  have  a  characteristic  appear- 
ance. In  short,  some  one  or  more  properties  of  an  oxide  or  a 
hydrate  will  generally  betray  its  presence  to  the  student  who 
not  only  has  knowledge  respecting  chemical  substances,  but 
has  cultivated  the  faculties  of  observation  and  perception. 


QUESTIONS  AND  EXERCISES. 

649.  Describe  the  preliminary  treatment  to  which  a  salt  may  be 
subjected  prior  to  systematic  analysis. 

650.  Mention  substances  which  might  be  recognized  by  smell. 

651.  Which  classes  of  salts  are  heavy,  and  which  light? 

652.  Name  some  bodies  detectable  by  their  color. 

653.  What  inference  may  be  drawn  from  the  appearance  of  steam 
when  dry  substances  are  heated  ? 

654.  Why  do  certain  crystals  decrepitate  ? 

655.  If  a  powder  sublimes  on  being  heated,  to  what  classes  of 
compounds  may  it  belong? 

656.  When  heat  causes  charring,  what  conclusion  is  drawn? 

657.  No  change  occurring  by  heat,  which  substances  cannot  be 
present  ? 

658.  Give  example  of  salts  which  are  identified  by  their  reaction 
with  strong  sulphuric  acid  ;  and  by  their  comportment  in  the  blow- 
pipe-flame, with  or  without  borax  or  microco.smic  salt. 

659.  What  are  the  solvents  usually  employed  in  endeavoring  to 
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obtain  a  substance  in  a  state  of  solution,  and  what  is  the  order  of 
their  application? 

000.  Name  a  few  salts  which  may  be  present  in  an  aqueous  solu- 
tion. 

001.  Mention  some  common  compounds  insoluble  in  water,  but 
soluble  in  hydrochloric  acid. 

002.  AVhat  substances  are  attacked  only  by  nitric  acid  or  nitro- 
hydrochloric  acid? 

003.  At  what  stage  of  analysis  do  arsenites  and  arseniates  show 
tliemselves? 

004.  Sketch  out  a  method  for  the  complete  analysis  of  a  liquid 
suspected  to  be  an  aqueous  solution  of  neutral  salts. 

005.  How  can  earthy  phosphates  and  o.\alates  with  ferric  oxide 
be  separated  from  each  other? 

000.  How  would  you  proceed  to  analyze  an  alloy  ? 

007.  By  what  process  may  substances  insoluble  in  water  or  acids 
be  analyzed  ? 

008.  How  would  you  qualitatively  analyze  glass  ? 


Recapitulatory  and  other  Notes  on  the  Con'Stitutiox  of  the 
Definite  Chemical  Compounds  commonly  termed  Salts. 

The  molecules  of  a  salt  contain  radicals — ^which  may  be  either 
elementary  or  compound :  pp.  37  and  66. 

Each  radical  has  a  definite  exchangeable  value :  p.  120. 

The  definite  exchangeable  values  of  radicals  differ  in  different 
series  of  radicals:  p.  121. 

In  one  and  the  same  molecule  of  a  salt,  two  or  more  different- 
atoms  of  the  same  element  may  possess  the  two  distinct  functions 
of  being  (a)  a  single  definite  distinct  radical  and  (//)  one  member  of 
a  group  of  atoms  which  together  form  a  single  definite  distinct  rad- 
ical :  p.  200. 

The  relation  to  each  other,  either  of  the  elementary  or  the  com- 
pound radicals  in  organic  substances  or  salts,  is  apparently  far  more 
complex  than  the  i-elation  to  each  other  of  the  elementary  and  com- 
pound radicals  in  inorganic  or  mineral  salts :  pp.  377  and  378. 

The  properties  of  salts  are  regarded  as  depending  on  («)  the 
nature,  (h)  the  number,  and  (r)  the  position  in  relation  to  each 
other  of  the  elementary  and  compound  radicals  in  a  molecule. 

Dumas,  afterwards  Laurent,  and  then  Gerhard,  attempted  the 
classification  of  salts  under  such  ////jc.v  a.s  the  following : — 

The  liyilrogcii  type.       Tlio  watei-  typo. 

Other  chemists  have  extended  the  numljor  of  such  types  of  salts. 
Further,  by  writing  the  typical  formuliJu  in  the  above  and  other  man- 
ners a  mode  of  indicating  the  facts  assumed  to  be  dependent  on  the 
position  of  the  atoms  in  a  molecule  has  been  sought  to  be  obtained. 
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Finally,  the  natural  devolopnient  of  this  train  of  thought  and  of 
practice  has  produced  the  yrapkic  furmulce  of  K6kule,  Frankland, 
and  othei-s. 

Caniion. — The  conjectural  or  theoretic  character  of  our  ideas  re- 
specting masses  of  matter  being  formed  of  molecules,  and  molecules 
of  atoms,  and  that  molecules  contain  radicals  consisting  of  one  or 
more  atoms,  must  never  be  lost  sight  of — highl}'^  valual^lc  and  prac- 
tically useful  though  the  hypotheses  be:  pp.  38,  50,  200,  261,  283, 
299. 

BertliollePs  Laws. — "When  we  cause  two  salts  to  react  by  means 
of  a  solvent,  if,  in  the  course  of  double  decomposition,  a  new  salt 
can  be  produced  less  soluble  than  those  which  we  have  mixed,  this 
salt  will  be  produced.  When  we  apply  dry  heat  to  two  salts,  if,  by 
double  decomposition,  a  new  salt  can  be  produced  more  volatile  than 
the  salts  previously  mixed,  this  salt  will  be  produced."' 

Malaiiniis  Law. — When  solutions  of  two  different  salts  are  mixed, 
and  metathesis  occurs  and  four  salts  result,  the  proportions  of  the 
salts  to  each  other  ai"e  dependent  on  the  strength  or  intensity  of 
force  with  which  the  respective  basylous  and  acidulous  radicals  are 
united. 

The  state  of  equilibrium  just  mentioned  may  be  permanent  or 
temporary.  The  latter  condition  obtains  when  one  of  the  salts 
which  may  possibly  be  produced  is  insoluble,  for  as  soon  as  pre- 
cipitation occurs  the  equilibrium  is  upset,  and  is  re-established 
only  to  be  upset  again,  and  so  on  until  from  the  four  salts  there 
result  one  in  solution  and  one  out  of  solution.  This  would  seem  to 
be  the  way  in  which  the  laws  termed  BerthoUet's  work. 


CHEMISTRY  OF  CERTAIN  SUBSTANCES  O'F 
VEGETABLE  AND  ANIMAL  ORIGIN. 

Except  alcohol  and  a  few  acids,  the  compounds  which  have  hith- 
erto engaged  notice  have  been  of  mineral  origin.  But  the  two 
other  kingdoms  of  nature,  the  animal  and  vegetable,  furnish  a 
large  number  of  definite  substances.  These,  indeed,  when  discov- 
ered, were  producible  only  by  organized  living  structures,  and  were 
hence  termed  organic  compounds.* 

A  few  of  these  compounds  of  common  occurrence  in  pharmacy, 
and  possessing  prominent  characteristics,  may  now  occupy  atten- 
tion ;  reactions  of  the  alkaloids  and  some  other  principles  may  be 
performed,  and  the  methods  of  examining  morbid  urine  be  exper- 
imentally studied.  There  will  then  remain  to  be  studied  certain 
galenical,  as  distinguished  from  chemical,  substances,  solid  and 


*  Organic,  from  hpyavov,  orc/annn,  an  organ.  A  large  number  of  organic 
compounds  can  now  be  obtained  artificially — without  the  aid  of  a  living 
organism;  hence  the  distinction  formerly  drawn  between  organic  and 
inorganic  compounds,  organic  and  inorganic  chemistry,  is  fast  breaking 
down.  ' 
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liquid,  which  can  only  be  fairly  regarded  from  a  pharmacist's 
rather  than  a  chemist's  point  of  view,  and  a  still  larger  niinibor, 
doiihtloss,  not  yet  brought  within  the  grasp  of  chemist  or  pharma- 
cist, and  of  which,  therefore,  we  must  at  present  be  content  to 
remain  in  ignorance.  An  opportunity,  however,  will  be  afforded 
of  noticing  the  effect  of  such  organic  matter  as  a  vomit  or  tlie  con- 
tents of  a  stomach  in  masking  or  preventing  the  I'cactions  by  which 
mineral  and  vegetable  poisons  are  detected. 


ALKALOIDS. 

Constitution  of  Alkaloids  or  Organic  Bases. 

Natural  Alkaloids. — The  alkaloids,  or  alkali-like  bodies  (tMor, 
eidos,  likeness),  have  many  analogies  with  ammonia.  Their  consti- 
tution is  not  yet  known  ;  but  they  are  probably  derivatives  of  a 
single  molecule  of  ammonia  (NII3),  or  of  double,  triple,  or  quad- 
ruple molecules  (Nj^Igj  ^^411],). 

Artijicial  Alkaloids. — Numerous  artificial  alkaloids  or  organic 
bases,  unquestionably  having  the  constitution  just  mentioned,  have 
already  been  formed.  These  are  sometimes  termed  amines,  and  are 
primary,  secondary,  and  tertiary,  according  as  one,  two,  or  three 
atoms  of  hydrogen  in  ammonia  have  been  displaced  by  radicals,  as 
seen  in  the  following  general  formulae  (R  =  any  univalent  radical. 
Vide  Index,  "Alcohol  Radicals"): — 

Rl  R]  R) 

H  I  N  R  i  N  r[n 

h]  hJ  r] 

or  the  following  examples  : — 

CJI5]  CJIJ  C,H,] 

II  [  N         c,iL,  I N         an,  I N 

II  j  II  j  0:11:1 

Etliylamineor  Diethylamine  or  Tiietli.vlaniine  or 

ctbylia  (C2H7N).        diothylia(C4HiiN).       tiicthylia  (CbHisN). 

The  three  classes  have  also  been  termed  amidogen-,  imidogen-,  and 
nitrile-bases. 

J\fode  of  Formation  of  Artificial  Alkaloids. — A  few  illustrations 
will  suffice.  Just  as  the  addition  of  iodide  of  hydrogen  (III)  to ' 
aiiiinonia  (that  is,  the  common  tri-hydrogen  ammonia,  NIT,,)  gives 
iodide  of  common  ammonium  (MIlillHI  or  NIIJ),  so  the  addition 
of  iodide  of  ethyl  (Cyi.,!  or  Etl)  (see  Index)  to  ammonia  (NII3) 
gives  the  iodide  of  ethyl-ammonium  (NIIIIIIEtl,  or  NII.,EtI,  or 
NlI.,CjTI,I).  A  fixed  alkali  turns  out  common  ammonia  (NIIITH) 
frf)iii  the  iodide  (or  any  other  salt)  of  common  animonium  ;  it  turns 
out  ethyl-ammonia  (NllllP'.t)  from  the  iodide  (or  any  other  salt) 
of  ethyl-aniiiioriium.  Ethyl-ammonia  (or  pJln/liti,  or  cthylaiiiine), 
NFIHEt,  with  iodide  of  ethyl,  Etl,  gives  iodide  of  diethyl-ammonium 
(MmKtEtI,or  Nn,l<;t.,I,  or  N1I,,[0,J[,],I).  From  the  latter,  pot- 
ash turns  out  diethyl-ainmonia  (NliKt.J  •  diethyl-ainmonia  {diethylia 
32  « 
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or  diethylaminc)  with  iodide  of  ethyl  gives  iodide  of  triethyl-am- 
nionium  (NIIEt,!).  The  latter  with  alkali  gives  triethj'l-animonia 
or  iriefhi/iia  or  triethyhiniiiie  (NEt,),  and  this  with  iodide  of  eth^'l 
gives  iodide  of  tetrethyl-aminoniuin,  NEt^I. 

AVhat  has  just  been  stated  respecting  iodide  of  ethyl  is  true  of 
other  salts  of  ethyl ;  and  what  is  true  of  salts  of  ethyl  is  true  of  salts 
of  an  immense  number  of  other  radicals — univalent,  bivalent,  etc. — 
so  that  a  vast  number  of  artificial  alkaloids  and  their  salts  can  be 
produced.  The  reactions  are  not  always  so  sharp  as  those  just  given. 
Mi.xtures  of  primary,  secondary,  and  tertiary  compounds  rather  than 
either  alone  often  result  in  an  experiment ;  lait  the  reactions  are 
typically  true. 

Some  of  these  artificial  alkaloids  not  only  resemble  natui-al  alka- 
loids, but  are  strong  caustic  liquids,  like  solution  of  ammonia. 

Then,  the  displacing  radical  in  an  artificial  alkaloid  or  its  salt  may 
not  only  be  of  one  kind,  as  indicated  in  the  preceding  paragraphs, 
but  of  different  kinds ;  and  while  the  radical  displacing  one  atom  of 
hydrogen  is  keeping  its  place,  any  of  the  many  known  radicals  may 
occupy  the  position  of  one  or  all  of  the  other  atoms  of  hj-drogen. 
Thus,  for  example,  we  have  methyl-ethyl-amyl-amine  (CglijuN",  or 
CHaCjIIjCJIjiN,  or  MeEtvVyN),  a  colorless  oily  body,  of  agreeable 
aromatic  odor.  The  empirical  formulaj  of  morphine,  quinine,  etc.  may 
some  day  he  similarly  resolvable  into  rational  formulae.  Their  arti- 
ficial production  will  then  quickly  follow. 

Metliylamine  (CHjHHN),  and  trimethylamine  (CH3)3N,  are  artificial 
alkaloids  which  have  been  found  by  Schmidt  in  Mercurialis  annua 
and  M.  perennis,  and  previously  hy  Reichardt,  who  termed  them  mer- 
curialine.  Trimethylamine  is  also  produced  in  large  quantities  in 
the  dry  distillation  of  the  evaporated  residue  of  the  spent  Avash  pro- 
duced in  beet-root  spirij;  distilleries. 

Propylamine  or  tritylia  (GgH^HHN)  is  a  volatile  oil,  one  pi'oduct 
of  the  destructive  distillation  of  bones  and  other  animal  matters. 

The  organic  bases  derived  from  one  molecule  of  ammonia  are 
termed  monamines  ;  from  two  molecules,  diamines ;  froni  three,  tria- 
mines  ;  and  from  four,  tetraraines : — 


In  these  amines  any  bivalent,  trivalent,  or  quadrivalent  radical  may 
occupy  the  place  of  two,  three,  or  four  univalent  radicals. 

Evidence  of  Constitution  of  the  Natural  Alkaloids. — Attempts  to 
form  artificially  the  important  natural  organic  bases  have  hitherto 
failed  ;  but  the  primary,  secondary,  or  tertiary  character  of  some  of 
them  has  been  indicated  by  the  introduction  or  elimination  of  methyl, 
ethyl,  and  other  radicals  for  hydrogen. 

Note  on  Nomenclature  of  Natural  Alkaloids. — The  first  syllables 
of  the  names  of  the  natural  alkaloids  recall  the  name  of  the  plant 
whence  they  were  obtained  or  some  characteristic  property.  It  is  to 
be  regretted  that  the  last  syllable  is  not  either  ine  or  ia,  instead  of 
sonietimes  one  and  sometimes  the  other.    In  the  United  States  the 
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termination  ine  is  officially  adopted,  althoufih  the  termination  ia  is 
still  frequently  employed.  The  names  of  the  salts  of  the  alkaloids 
are  given  on  the  assumption  that  the  acid  unites  with  the  alkaloid 
without  decomposition.  Thus  liydrochlorate  of  morphine  is  regarded 
as  morphine  with  hydrochloric  acid,  just  as  we  might  assume  sal- 
ammouiac  to  be  ammonia  (Nil,)  with  hydrochloric  acid  (HCl),  and 
name  it  hydrochlorate  of  ammonia  (NlijIICl)  instead  of  chloride  of 
ammonium  (XHiCl).  All  acids,  even  sulphydric,  unite  with  alka- 
loids and  form  salts  having  similar  names. 

Antidotes. — In  cases  of  poisoning  by  alkaloids,  emetics  and  the 
stomach-pump  must  be  relied  on  rather  than  chemical  agents.  But 
astringent  liquids  may  be  administered,  for  tannic  acid  precipitates 
many  of  the  alkaloids  from  their  aqueous  solution,  absorption  of  the 
poison  being  thus  possibly  retarded. 


MORPHINE,  OR  MORPHIA. 

Formula  Ci7HigN03,H20.    Molecular  weight  303. 

Occurrence. — Morphine  occurs  in  opium  (the  inspissated  juice  of 
the  fruit,  Papaveris  capsiilce,  of  the  White  Poppy,  Papaver  somnif- 
erum)as  meconate  of  morphine  [(CijHjgN03)2,  C.H^O.,  511,0  ;  Dott.]. 
The  dried  poppy-capsule  of  pharmacy  contains  opium  principles, 
but  varying  much  in  nature  and  proportion.  The  presence  in  the 
capsule  of  morphine,  narcotine,  and  meconic  acid  have  been  demon- 
strated, and,  by  Groves,  of  narceine  and  codeine.  Ordinary  Asia 
Minor  opium  {Opium,  U.  S.  P.)  (Turkey,  Smyrna,  or  Constantinople 
opium)  should  contain  "  not  less  than  9  per  cent,  of  morphine,"  and 
when  dried  at  85°  C.  and  powdered  {Opii  Pulvis,  U.  S.  P.),  from  12 
to  16  per  cent,  of  morphine. 

Denarcntized  Opium  {Ojnum  Dendrcotisatum,  U.  S.  P.)  is  dried 
and  powdered  opium  from  which  narcotine  has  been  washed  out  by 
ten  times  its  weight  of  stronger  ether,  the  product  being  re-dried  at 
85"  C,  and  made  up  to  its  original  weight  with  powdered  sugar  of 
milk. 

Movphina,  U.  S.  P.,  may  be  made  by  adding  to  infusion  of  opium 
an  equal  bulk  of  alcohol,  then  slight  excess  of  ammonia,  and  setting 
aside  for  crystalline  morphine  to  separate.  It  is  purified  by  recrys- 
tallization. 

Process  for  Hydrochlorate. — Tlie  hydrochlorate,  CijH,jN03,HCl,- 
SHjO  {Morphince  Hj/drochlora.'i,  U.  S.  P.),  occurs  in  slender  white 
acicular  crystals.  It  is  prepared  by  simply  decomposing  an  aqueous 
infusion  of  opium  with  chloride  of  calcium,  meconate  of  calcium  and 
hydrochlorate  of  morphine  I)oing  produced.  (If  the  infusion,  which 
is  always  acid,  be  first  nearly  neutralized  by  the  cautious  addition  of 
small  quantities  of  very  dilute  solution  of  ammonia,  tiie  chloride 
of  calcium  then  at  once  causes  a  precipitate  of  meconate  of  calcium, 
which  can  be  filtered  off,  leaving  a  colored  solution  of  hydrochlorate 
of  morphine.  On  the  large  scale  {vide  B.  P.)  the  details  are  some- 
what ditTerent.)    The  salt  is  partially  purified  by  crystallization 
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from  the  evaporated  liquid,  then  by  treatment  of  the  solution  of 
the  impure  hydrociilorate  by  animal  charcoal,  and  la.stly,  by  pre- 
cipitation of  the  morphine  from  the  still  colored  liquid  by  ammonia 
and  rc-solution  of  the  morphine  in  hot  dilute  hydrochloric  acid  ; 
hydrochlorate  of  morphine  separates  out  on  cooling. 

Hydrociilorate  of  morphine  deposited  from  a  hot  solution  in  a]x>ut 
twenty  times  its  weight  of  alcohol  is  anhydrous. 

Morphine  may  also,  of  course,  be  prepared  Vjy  the  methods  given 
for  its  quantitative  separation  from  opium  (see  Index). 

Mor])hince  Sulphas,  U.  S.  P.  (2Ci7lIi(,NOa,H2S04,.5Il20)  may  be 
made  by  neutralizing  morphine  with  sulphuric  acid,  it  is  a  con- 
stituent of  Pulvis  Morphince  Compositns. 

Process  for  Acetate. — Acetate  of  morphine  (C,7HjgN03,C2lIjO.,) 
{Morphinoi  Acetas,  U.  S.  P.)  is  a  white  pulverulent  salt  prepared 
by  dissolving  pure  morphine  in  acetic  acid.  One  grain  of  acetate,  so 
made,  in  twelve  minims  of  water,  forms  the  Injectio  Morphia;  Hypo- 
dermica,  B.  P. 

Both  the  hydrochlorate  and  acetate  of  morphine  are  soluble  in  water, 
but  the  solution  is  not  stable  unless  acidulated  and  containing  alco- 
hol;  hence  the  official  solutions,  4  grains  in  one  ounce,  1  in  110 
(Liquor  Morjjhiai  Hi/drochloratis,  B.  P.,  and  Liquor  Morphia  Acctatis, 
B.  P.),  consist  of  three  parts  water  and  one  part  rectified  spirit,  a 
few  minims  per  ounce  of  hydrochloric  or  acetic  acid  being  added. 
Even  solid  acetate  of  morphine  is  unstable,  slowly  dissociating  into 
acetic  acid  and  morphine  ;  hence  the  acid  odor  of  acetate  of  morphine. 

Soliibiliti/  oj'  morphine  salts  in  water  at  00°  F.  According  to  Dott, 
1  part  of  the  respective  salts  is  soluble  in  the  annexed  number  of 
parts  of  water :  Acetate,  2.} ;  Tartrate,  9J ;  Sulphate,  23 ;  Hydro- 
chlorate, 24  ;  Meconate,  34. 

Other  alkaloids  exist  in  opium.  In  the  above  process  a  consider- 
able quantity  of  an  alkaloid  of  very  weak  basic  properties,  narcotine 
(C22H23NO,)  {Narcotina,  P.  I.)  remains  in  the  exhausted  opium,  and 
may  be  extracted  by  digesting  in  acetic  acid,  filtering,  pi-ecipitating 
by  ammonia.  It  crystallizes  in  brilliant  needles  from  alcohol  or 
ether.  By  oxidation  it  yields  cotarnine  and  an  acid  termed  opianic. 
Codeine  (CigH^iNOjjH.^O)  (Codeina,  U.  S.  P.)  is  soluble  in  the  slight 
excess  of  ammonia  employed  in  precipitating  the  morphine.  "  Codeine 
is  dissolved  by  sulphuric  acid  containing  1  per  cent,  of  molybdate 
of  sodium  to  a  liquid  having,  at  first,  a  dirty-green  color,  which,  after 
a  while,  becomes  pure  blue,  and  gradually  fades,  within  a  few  hours, 
to  pale  yellow.  On  dissolving  codeine  in  sulphuric  acid  a  colorless 
liquid  results,  which,  on  the  addition  of  a  trace  of  ferric  chloride 
and  gentle  warming,  becomes  deep  blue.  An  aqueous  solution  of 
codeine,  added  to  test-solution  of  mercuric  chloride,  should  produce 
no  precipitate  ;  and  if  codeine  be  added  to  nitric  acid  of  sp.  gr.  1.200, 
it  will  dissolve  to  a  yellow  li(|uid  which  should  not  become  red  (differ- 
ence from  and  abs.  of  morphine)." — U.  S.  P.  From  the  mother- 
liquors  there  have  also  been  obtained  thehaine  (CiglljiNO,),  papa- 
verine (C2iH2,NO,,),  opianine  (CjiILiNO,?),  narceine  (C^^lI^iiNO.,), 
cri/ptopine  {i).^^U.,._^NO^,  meconinc  (0,(,H,oO),  meconoisinc  (C^H,o0.j), 
laudanine  (C.^qIIw^Oj),  codainine  (C.^aH^i^Of),  gnoscopine  (Oj^Hsg- 
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NjOn),  pseudo7)iorphine  (CnlligNO^),  proiopine  (C^oITipNOs),  Icmda- 

vieconidiiie{C^ill.i3liO^),lantho})ine  (CaaH^sNO^).  A  little  acetic  acid 
also  exists  in  all  opium  (D.  Brown). 

Anali/lical  Reactions. 

First  Analytical  Reaction. — To  a  minute  fragment  of  a  salt 
of  morphine  add  one  drop  of  water,  and  warm  the  mixture  until 
the  salt  dissolves,  then  stir  the  liquid  with  a  glass  rod  moist- 
ened by  a  strong  ventral  solution  of  perchloride  of  iron  ;  a 
dirty-blue  color  is  produced.  This  effect  is  not  observed  in 
dilute  solutions. 

Second  Analytical  Reaction. — To  a  drop  or  two  of  a  strong 
solution  of  a  morphine  salt  in  a  test-tube  add  a  minute  fragment 
of  iodic  acid  (HIO3 ;  page  293)  ;  iodide  is  set  free.  Into  the 
upper  part  of  the  tube  insert  a  glass  rod  covered  with  mucilage 
of  starch,  and  warm  the  solution ;  dark-blue  starch  iodide  is 
produced.  If  the  mixture  of  morphine  and  iodic  acid  be  shaken 
up  with  chloroform  or  bisulphide  of  carbon,  a  violet  solution  is 
obtained. 

This  reaction  is  only  confirmatory  of  others,  as  albumenous  matters 
also  reduce  iodic  acid. 

Third  Anali/ticcd  Reaction. — To  a  few  drops  of  an  aqueous 
infusion  of  opium  add  a  drop  of  neutral  solution  of  perchloride 
of  iron  ;  a  red  solution  of  meconate  of  iron  is  produced.  Add 
solution  of  corrosive  sublimate ;  the  color  is  not  destroyed 
(as  it  is  in  the  case  of  sulphocyanate  of  iron,  a  salt  of  similar 
tint). 

In  cases  of  poisoning  by  a  preparation  of  opium  this  test  is  almost 
as  conclusive  as  a  direct  reaction  of  morphine  (the  poison  itself), 
meconic  acid  being  obtainable  from  opium  only. 

Other  Reactionr — Add  carbonate  of  sodium  to  a  solution  of 
a  salt  of  morphine  ;  a  white  precipitate  of  morphine  falls,  slowly 
and  of  a  crystalline  character  if  the  solution  is  dilute.  Collect 
this  precipitate,  and  moisten  it  with  neutral  solution  of  ^^erchlo- 
ride  of  iron  ;  the  bluish  tint  above  referred  to  is  produced. 

•  Add  an  alkali  to  a  solution  of  hydrochlorate  or  acetate 

of  the  alkaloid  ;  morphine  is  precipitated,  soluble  in  excess  of 

the  fixed  alkali ;  far  less  readily  so  in  ammonia.  Moisten  a 

particle  of  a  morphine  salt  with  nitric  acid ;  an  orange-red  col- 
oration is  produced.  To  morphine  add  strong  sulphuric  acid, 

mix,  and  strew  nitrate  of  bismuth  on  the  fluid ;  the  mixture 

turns  dark  brown  or  black.  Heat  morphine  on  platinum  foil ; 

it  burns  entirely  away. 
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Apomorphine  (CpII^NOj). 

Apomorphine  (aTro,  apo,  from,  and  morphine)  is  an  alkaloid  obtained 
from  morphine  by  Matthicssen  and  AVright.  It  possesses  remarkable 
physiological  effects  :  one-tenth  of  a  grain  (in  aqueous  solution)  in- 
jected under  the  skin,  or  one  quarter  of  a  grain  taken  into  the 
stomach,  is  said  to  produce  vomiting  in  from  four  to  ten  minutes. 

Process. — Ilydrochlorate  of  morphine  is  hermetically  sealed  in  a 
thick  tube  with  considerable  excess  of  hydrochloric  acid,  and  heated 
to  nearly  300°  F.  for  two  or  three  hours.  The  product  is  purified 
by  diluting  the  contents  of  the  tube  with  water,  precipitating  with 
bicarbonate  of  sodium,  and  ti-eating  the  precipitate  with  ether  or 
chloroform.  On  shaking  up  the  ethereal  or  chloroform  solution 
with  a  very  small  quantity  of  strong  hydrochloric  acid,  the  sides  of 
the  vessel  become  covered  with  crystals  of  the  hydrochlorate  of  the 
new  base.  These  may  be  drained  from  the  mother-liquor,  washed 
with  a  little  cold  water,  in  which  the  salt  is  sparingly  soluble,  recrys- 
tallized  from  hot  water,  and  di-ied  on  bibulous  paper  or  over  sulphuric 
acid.  The  formula  (Ci7lIi7N02,HCl)  indicates  that  the  new  alkaloid 
is  derived  from  morphine  by  abstraction  of  the  elements  of  water. 

Hi/drochlorate of^ipumorjjhine  {Apomorjjhi luc  Hi/drockhras,\] .  S.  P.) 
occurs  in  "  colorless  or  grayish-white,  shining  crystals,  turning  green- 
ish on  exposure  to  light  and  air,  odorless,  having  a  bitter  taste  and 
a  neutral  or  faintly  acid  reaction.  Soluble  in  6.8  parts  of  water  and 
in  50  parts  of  alcohol  at  15°  C.  (59°  F.) ;  slowly  decomposed  by  boil- 
ing water  or  boiling  alcohol :  almost  insoluble  in  ether  or  chloro- 
form ;  should  it  impart  color  to  either  of  these  liquids  it  should  be 
rejected,  or  it  may  be  purified  by  thoroughly  agitating  it  with  either 
liquid,  filtering,  and  then  rapidly  drying  the  salt  on  bibulous  paper 
in  a  dark  place.  The  aqueous  solution,  on  gentle  warming,  rapidly 
turns  green,  but  retains  a  neutral  reaction.  Solution  of  bicarbonate 
of  sodium,  added  to  an  aqueous  solution  of  the  salt,  throws  down 
the  white,  amorphous  alkaloid,  which  soon  turns  green  on  exposure 
to  air,  and  forms  a  bluish-green  solution  with  alcohol,  a  purple  one 
with  ether  or  pure  benzol,  and  a  violet  or  blue  one  with  chloroform."' 

Codeine  also,  according  to  the  same  chemists,  yields  apomorphine 
by  similar  ti-eatment,  a  reaction  that  would  seem  to  indicate  that 
codeine  is  methyl-morphine  ;  indeed,  Grimaux  (Hesse  also)  has  since 
obtained  codeine — or,  possibly,  an  isomer  of  codeine,  methyl-mor- 
phine— from  morphine. 

Ci,Hi,CII.,nN03  +  HCl  =  CH3CI  +  11,0  +  C.JIi-XOj 

Codeiuo.  Chi.  of  motlijl.  Apomorphiiiu 

Dr.  C.  R,  A.  Wright  has  recently  obtained  several  new  derivatives 
of  codeine. 

Codeine  neither  gives  a  blue  color  with  ferric  chloride  nor  a  red 
with  nitric  acid.  Both  codeine  and  morphine,  when  heated  with  a 
mixture  of  strong  sul])Iiuric  acid  and  arseniate  of  sodium,  give  a 
blue  color,  the  morphine  yielding  a  greenish-blue  and  the  codeine  a 
violet-blue. 
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QUESTIONS  AND  EXERCISES. 


669.  Write  some  general  formula!  of  artificial  alkaloids. 

670.  Name  tho  subtitancos  roprcsontcd  by  the  following  formulas : — 


671.  What  is  the  assumed  constitution  of  the  salts  of  the  alka- 
loids? 

672.  Describe  the  treatment  in  cases  of  poisoning  by  alkaloids. 

673.  Give  the  process  for  the  preparation  of  llydrochlorate  of 
Morphine.    In  what  form  does  morphine  occur  in  opium? 

674.  How  is  Acetate  of  Morphine  prepared  ? 

675.  What  plan  is  adopted  for  preventing  the  decomposition  of 
the  official  .solutions  of  morphine? 

676.  Mention  the  analytical  reactions  of  morphine. 

677.  In  addition  to  tho  reactions  of  morphine,  what  test  may  be 
employed  in  searching  for  opium  in  a  liquid  or  semi-fluid  material? 

678.  How  is  Apomorphino  prepared,  and  what  are  its  j)i'operties  ? 

679.  Describe  the  relation  of  morphine  to  codeine. 


Source. — Quinine  {Quinina,  U.  S.  P.)  and  other  similar  alkaloids 
exist  in  cinchona-bark  as  kinatcs.  In  the  yellow  bark  {Cinchona 
Fiaca,  U.  S.  P.,  from  Cinchona  calisai/a)  chiefly  quinine  is  present ; 
in  the  pale  bark  {Cinchonce  Fallidce  Cortex,  B.  P.,  chiefly  from  C. 
officinalis)  other  alkaloids  are  more  frequently  found ;  while  in  the 
red  bark  {Cinchona  Rubra,  U.  S.  P.)  these  alkaloids  occur  in  irreg- 
ular proportions. 

Under  Cinchona  the  United  States  Pharmacopoeia  recognizes  "  the 
bark  of  any  species  of  Cinchona  containing  at  least  3  per  cent,  of 
its  peculiar  alkaloids." 

Extraction  of  the  Mixed  Alkaloids. — Take  750  grains  of  finely 

fiowdered  bark.  Make  it  into  a  paste  with  milk  of  lime  (slaked 
ime  about  400  grains  and  water  about  4  ounces).  Dry  the  mixture 
over  a  water-bath.  Powder  the  residue  and  place  the  whole  in  a 
cylindrical  percolator.  Pour  in  3J  lluidounces  of  chloroform.  When, 
after  standing,  packing  is  complete,  allow  percolation  to  commence 
and  to  proceed  slowly.  After  a  time  pt)ur  3.J  lluidounces  more  chloro- 
form into  the  percolator.  When  percolatiora  has  ceased  transfer  the 
percolate  to  a  retort,  and  add  nearly  half  an  ounce  of  water  and 
enough  dilute  sulphuric  acid  to  uuike  tlu;  mixture!  acid  to  test-paper. 
Recover  the  chloroform  by  distilling  from  a  watcir-bath,  and  allow 
the  residue  to  cool ;  filter.    To  the  filtrate,  which  contains  tho  alkar 
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loicls  as  acid  sulphates,  add  ammonia  in  slight  excess.  Collect  the 
precipitated  alkaloids  on  a  filter,  wash,  and  dry  in  the  air  or  over  a 
dish  of  sulphuric  acid  covered  by  a  bell-jar.  (For  the  separation  of 
alkaloids  see  Index,  "  Dr.  Vrij's  process,"  an  operation  which  should 
not  be  attempted  at  this  stap;e  of  study.) 

Process  for  Sulphate. — Sulphate  of  quinine  {Quinince  Sulphas, 
U.  S.  P.)  may  be  prepared  by  treating  the  yellow  bark  with  dilute 
hydrochloric  acid,  precipitating  the  resulting  solution  of  hydro- 
chlorate  of  quinine  by  soda,  and  redissolving  the  precipitated  quinine 
in  the  proper  proportion  of  hot  dilute  sulphuric  acid.  This,  the  com- 
mon commercial  sulphate,  crystallizes  out  on  cooling  in  silky  acicular 
crystals,  one  molecule  containing  two  atoms  of  quinine  (2Cg5rij^X202), 
one  of  sulphuric  acid  (H^SOJ,  and  seven  of  water  of  crystallization 
(7H,0). 

In  the  process  of  the  former  United  States  Pharmacopoeia 
(1870)  lime  was  used  instead  of  soda,  the  precipitated  quinine 
dissolved  in  boiling  alcohol,  the  latter  recovered  by  distillation, 
the  residual  quinine  neutralized  by  diluted  sulphuric  acid,  the 
solution  treated  with  animal  charcoal,  filtered  while  hot,  set 
aside  to  crystallize,  and  recrystallized  if  necessary. 

Sulphate  of  quinine,  the  common  or  so-called  disulphate  (CjqHj^Nj- 
0,^)2,112804,81-120,  is  only  slightly  soluble  in  water ;  on  the  addition 
of  dilute  sulphuric  acid  the  so-called  neutral  sulphate,  or  soluble 
sulphate  {Quinince  Bisulphas,  U.  S.  P. ;  C20H24N2O2, 112804,711,0),  is 
formed,  which  is  freely  soluble.  The  latter  salt  may  be  obtained  in 
large  rectangular  prisms.*  An  acid  sulphate  {02oli2i^ 2^it'^^2^^4r 
'Jllfi)  also  exists. 

The  ordinary  disulphate  of  quinine  is  more  soluble  in  alcohol  or 
alcoholic  liquids  than  in  water.  The  citrate  of  iron  and  quinine 
{Ferri  et  Quinince  Ciiras,  U.  S.  P.)  is  the  well-known  scale  com- 
pound. It  is  made  by  dissolving  ferric  hydrate,  prepared  from 
ferric  sulphate,  and  quinine,  prepared  from  the  sulphate,  in  solution 
of  citric  acid ;  the  liquid,  evaporated  to  a  syrupy  consistence  and 
dried  in  thin  layers  on  glass  plates,  yields  the  usual  greenish-yellow 
scales  (vide  p.  151). 

Quinince  Valerianas,  D.  8.  P.,  may  be  made  by  dissolving  precipi- 
tated quinine  in  -warm  aqueous  solution  of  valerianic  acid  and  setting 
aside  to  crystallize.    Its  formula  is  C2oIl24N202,C5H,j02,H20. 

Basic  Citrate  of  Quinine  has  the  formula  (C2oli24N202)2)H.iC6ll5077~ 


*  We  do  not  know  whether  or  not  these  sulphates  are  ordinary  sul- 
phates, the  hydrogen  of  the  acid  going  over  to  (he  quinine  molecule, 
nor  whether  or  not  the  quinine  molecule  is  univalent  or  bivalent ;  hence 
we  cannot  say  whether  the  common  sulphate  or  the  noliMe  sulpliate  is, 
in  constitution,  the  neutral  sulphate.  In  the  above  papagraph  tlie 
names  disulphate,  neulrcd  sidpfiate,  acid  sidphale,  indicate  nothing  more 
than  that  the  first  sulphate  contains  in  one  molecule  two  atoms  (chem- 
ical atoms)  of  quinine  to  one  of  sulphuric  acid,  the  second  one  of  each, 
and  the  third  two  of  acid  to  one  of  quinine. 
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5IIjO.  Other  citrates  contain  throe  molecules  of  quinine  to  two  of 
citric  acid,  and  one  of  quinine  to  one  of  citric  acid. 

Quiiiince  Hydrobromas,  U.  S.  P.,  has  the  formula  C,Qri^(N202,IIBr,- 
211,0. 

Quinince  HydrocMoras,  U.  S.  P.,  has  the  formula  CjoH^^^NjO^JICl,- 
211,0. 

Reactions. 

First  Analijtical  Reaction. — To  a  solution  of  quinine  or  its 
salts  in  acidulated  water  add  fresh  chlorine-water,  shake,  and 
then  add  solution  of  ammonia ;  a  green  coloration  (thalleiochin, 
or  dalleiochin)  is  produced.  Bromine-water  or  bromine-vapor 
may  be  used  instead  of  chlorine. 

Second  Analytical  Reaction. — Repeat  the  foregoing  reaction, 
but  precede  the  addition  of  solution  of  ammonia  by  that  of 
solution  of  ferrocyanide  of  potassium ;  an  evanescent  red 
coloration  is  produced  (Livonius  and  Vogel). 

Third  Analytical  Reaction. — To  an  aqueous  solution  of  a 
soluble  salt  of  quinine  add  solution  of  oxalate  of  ammonium ; 
a  white  crystalline  precipitate  of  oxalate  of  quinine  falls.  It 
is  soluble  in  acids.  If  the  solution  to  be  tested  be  made  from 
ordinary  sulphate  of  quinine,  excess  of  the  latter  should  be 
added  to  water  very  faintly  acidulated  with  sulphuric  acid, 
and  the  undissolved  crystals  removed  by  filtration. 

Fourth  Analytical  Reaction. — A  saturated  aqueous  solution 
of  any  neutral  salt  of  quinine  is  made  by  dissolving  so  much 
of  the  salt  in  hot  water  as  that  some  shall  separate  when  the 
mixture  has  cooled  to  about  60°  P.  After  standing  for  some 
time,  filter.  To  one  volume  of  the  filtrate  one-half  volume  of 
water-washed  ether  is  added,  and  then  ammonia  in  slight  ex- 
cess. After  agitation  and  rest  for  fifteen  minutes  all  alkaloid 
precipitated  by  the  ammonia  will  have  dissolved. 

Note. — In  the  case  of  quinidine  salts  well-defined  cry-stals  will  ap- 
pear at  the  junction  of  the  aqueous  and  ethereal  layers,  especially 
after  standing.  In  the  case  of  cinchonidinc  salts  a  thick  layer  of 
small  crystals  makes  its  appearance  at  once,  whilst  in  the  case  of 
cinchonine  salts  the  undissolved  alkaloid  is  enough  to  make  the 
ethereal  layer  nearly  solid. 

Fifth  Analytical  Rm.ction. — Formation  of  lodo-sulphate  of 
Quinine.  Dissolve  sulphate  of  quinine  in  weak  spirit  of  wine 
slightly  acidulated  with  sulphuric  acid,  and  add  an  alcoholic 
solution  of  iodine ;  a  black  precipitate  forms.  Allow  the  pre- 
cipitate to  settle,  pour  away  the  fluid,  wa.sh  once  or  twice  with 
alcohol,  and  then  boil  with  alcohol;  on  cooling,  minute  crystals 
separate  having  th(!  optical  properties  (jf  the  mineral  tourma- 
line.   This  iodo-sulphatc  is  sometimes  termed  Herapatliite, 
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from  the  name  of  its  discoverer.  It  is  so  slightly  soluble  in 
alcohol  that  by  its  means  quinine  can  be  separated  from  its  ad- 
mixture with  the  other  cinchona  alkaloids.  According  to  Jbr- 
gensen,  it  has  the  formula  4C2oH24N202,3H.,SO^,2HI,l4,ccILO. 

Sixth  Anali/tiral  Reaction. — Prepare  a  saturated  solution  of 
ordinary  sulphate  of  quinine  in  water  at  about  G0°  F.,  and  add 
to  5  volumes  of  that  solution  7  volumes  of  solution  of  ammo- 
nia (sp.  gr.  0.96).  The  alkaloid  which  at  first  precipitates 
redissolves  upon  slight  agitation  if  the  sulphate  of  quinine  is 
free  from  anything  but  traces  of  other  cinchona  alkaloids. 
If,  however,  more  than  traces  of  quinidine,  cinchonidine,  and 
cinchonine  salts  be  present  a  permanent  precipitate  remains. 
This  is  Kerner's  method  of  testing  sulphate  of  quinine  for 
other  cinchona  alkaloids.  It  turns  upon  the  fact  that  the 
solubility  of  the  sulphates  of  the  cinchona  alkaloids  in  water 
is  in  the  opposite  order  to  the  solubility  of  the  alkaloids  them- 
selves in  solution  of  ammonia. 

Other  Characters. — Concentrated  sulphuric  acid  dissolves 
quinine  witb  production  of  only  a  faint  yellow  color,  which  dis- 
tinguishes it  from  salicin.  Quinine  and  its  salts,  heated  on 

platinum  foil,  burn  entirely  away.  Most  salts  of  quinine 

when  in  solution  have  a  beautiful  blue  fluorescence.  They 
twist  the  ray  of  polarized  light  to  the  left.  Quinine  is  soluble 
in  alcohol,  ether,  benzol,  and  chloroform.  Ordinary  quinine  sul- 
phate is  insoluble  in  chloroform,  and  but  slightly  soluble  in 
water.  Its  solubility  in  chloroform  is  increased  by  the  pres- 
ence in  solution  of  quinidine  and  cinchonine  sulphates  (Pres- 
cott),  and  its  solubility  in  water  is  decreased  by  the  presence  in 
solution  of  ammonium  sulphate  (Carles).  The  slight  solubility 
of  its  sulphate  and  iodo-sulphate  in  water  distinguishes  quinine 
from  the  other  cinchona  alkaloids,  including  the  "  amorphous 
alkaloid,"  or  "  quinoidine." 

Quinidine  or  Quinidia  (CoqIL^N.^Oj,  the  Conquinlne  or  Conchinine 
of  Hesse)  is  an  isomer  of  quinine.  Its  salts  are  fluorescent,  and  give 
thalleioquin  with  chlorine-  or  bromine-water  and  ammonia.  They 
twist  the  ray  of  polarized  Ii<iht  to  tlie  rio;ht.  Quinidine  is  insoluble 
in  water  and  sparingly  soluble  in  ether  (soo  Quinine,  4th  Analytical 
Reaction).  It  is  solulile  in  alcohol,  benzol,  and  chloroform.  It  is 
less  soluble  than  quinine  in  ammonia,  5  volumes  of  a  saturated  aque- 
ous solution  of  its  ordinary  sulphate  requiring  60  to  80  volumes  of 
ammonia  solution  (sp.  gr.  0.96).  Its  sulphate  {Quiiiidiiice  Siilphn.^^, 
U.  S.  P. ;  2C2oll2,N.,02,II.,SO„2H,0)  is  more  soluble  in  water  and 
chloroform  than  the  sulphate  of  quinine.  Tartrate  of  quinidine  is 
solulile  in  water.  The  liydriodate  is  insoluble  in  water  and  weak 
spirit,  and  otunirs  as  sandy  crystals.  The  Iiydriodates  of  the  other 
cinchona  alkaloids,  though  more  soluble  tlian  quinidine  hydriodate, 
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!ivc  sometimes  precipitated  from  neutral  concentrated  solutions  as 
anioi-]ilious  or  senii-li((uid  precipitates.  These,  however,  are  sohible 
in  weak  spirit.  "If  ().">  gni.  each  of  sulphate  of  quinidino  and  of 
iodide  of  potassium  (not  alkaline  to  test-paper)  be  ajfitated  with  10 
c.c.  of  water  at  about  60°  C.  (140°  F.),  the  mixture  then  macerated 
at  15°  C.  (59°  F.)  for  half  an  hour,  with  frequent  stirrin«;,  and  fil- 
tered, tlie  addition  to  the  filtrate  of  a  drop  or  two  of  water  of  am- 
monia should  not  cause  more  than  a  slight  turbidity  (abs.  of  more 
than  small  proportions  of  cinchonine,  cinchonidine,  or  quinine)." — 
U.  S.  P. 

Cinchonidine  or  Cinrlionidia  [G.,f^\\.,^N.f)). — When  perfectly  pure, 
salts  of  cinchonidine  do  not  give  tlialleioquin  and  are  not  fluorescent. 
Even  good  commercial  salts,  however,  nearly  always  give  both  reac- 
tions. Salts  of  cinchonidine  twist  the  polarized  ray  to  the  left. 
Cinchonidine  is  insoluble  in  water  and  nearly  so  in  ether  (see 
Quinine,  4th  Analytical  Reaction).  It  is  soluble  in  alcohol,  benzol, 
and  chloroform.  It  is  less  soluble  in  ammonia  solution  than  quinine, 
five  volumes  of  a  saturated  aqueous  solution  of  cinchonidine  sulphate 
requiring  about  80  volumes  of  ammonia  solution  (sp.  gr.  0.96).  It 
is  true  that  cinchonidine  is  dissolved  as  readily  as  quinine  if  excess 
of  strong  ammonia  is  quickly  mixed  with  the  solution  of  a  salt  of 
cinchonidine ;  but  from  such  a  solution  cinchonidine  soon  crystallizes, 
while  quinine  renniins  dissolved  for  many  hours.  Sulphate  (  Cinclio- 
nidince  Sulphas,  U.  S.  P.  (C2oII.24N.^O)2,Il2S04, 311.^0)  and  hydriodate 
of  cinchonidine  are  soluble  in  water,  but  the  sulphate,  like  quinine 
sulphate,  is  insolul)le  in  chloroform.  Tartrate  of  cinchonidine  is  in- 
soluble in  water,  and  in  this  form  cinchonidine  is  usually  separated 
from  neutral  solutions  containing  the  otlier  cinchona  alkaloids 
except  quinine. 

Cinchonine  or  Cinchonia  (C2oH.^4N._,0)  {Cinchonina,  U.  S.  P.)  is  an 
isomer  of  cinchonidine.  Wlien  quite  pure  its  salts  are  not  fluores- 
cent and  do  not  give  thalleioquin.  As  in  the  case  of  cinchonidine, 
even  good  commercial  specimens  of  cinchonia  salts  nearly  always 
give  both  reactions.  Cinchonia  salts  twist  the  polarized  ray  to  the 
right.  Cinchonine  is  insoluble  in  water  and  nearly  so  in  ether  (see 
Quinine,  4th  Analytical  Reaction).  It  is  soluble  in  chloroforhi, 
benzol,  and  alcohol.  Chloroform  containing  one-fourth  of  its 
weight  of  95-y)er  cent,  alcohol  dissolves  cinchonine  much  more 
readily  than  either  alcohol  or  chloroform  alone.  Cinchonine  is 
insoluble  in  ammonia  solution.  Sulphate  {Cinchonince  Sidphas, 
U.  S.  P.)  (C2oIl24N.^O)2,Il2SO,„2Il20,  tartrate,  and  hydriodate  of  cin- 
chonine, arc  sohible  in  water,  and  the  sulphate,  like  sulphate  of 
quinidine,  is  soluble  in  chloroform.  In  mixtures  of  cinchona  alka- 
loids this  alkaloid  is  precipitated  by  alkali  after  the  others  have 
been  succ;essively  removed  by  ether,  tartrate  of  sodium,  and  iodide 
of  potassium. 

Cinchonine  heated  with  strong  potash  or  soda  yields  an  oily  alka- 
loid termed  r.hinoline  (CgllyN),  a  liody  which  exists  in  coal-tar,  and 
which  may  be  obtained  artifi(!ially  (Skraup)  by  the  action  of  caustic 
potash  on  a  mixture  of  nitrobenzinc  and  aniline  in  the  presence  of 
glycerin.    It  forms  crystalline  salts  with  acids. 
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Qidnoidine^^  or  "Qainoidia,"  or  the  Amorphous  Alkaloid^' 
[Chinoidin,  U.  S.  P.). — Cinchona-barks  jronerally  contain  some  alka- 
loid isomeric  with  quinine,  which,  like  quinine,  is  soluble  in  ether,  but 
the  ordinary  sulphate  and  iodo-sulphate  of  which  are  not  crystalline 
and  are  soluble.  These  salts  are  semi-solid,  resinous-looking  sub- 
stances. The  iodo-sulphate  is  used  in  Dr.  Vi-ij's  method  lor  the 
separation  of  mixed  alkaloids  (see  Index).  Quinoidine  is  usually 
obtained  along  with  quinine,  etc.  from  the  mixed  alkaloids  by  ether, 
and  remains  in  the  mother-liquor,  from  which  it  is  precipitated  by 
an  alkali.  If  quinoidine  be  triturated  with  boiling  water,  the  liquid, 
after  filtration,  should  be  clear  and  colorless,  and  should  remain  so 
on  the  addition  of  an  alkali  (abs.  of  alkaloidal  salts).  On  ignition, 
quinoidine  should  not  leave  more  than  0.7  per  cent,  of  ash. 

Ginchovatine  or  Clnchovatia  occurs  in  a  particular  variety  of  cin- 
chona-bark. Quinicine  or  Qainicia  and  Cinclionicine  or  Cinchoni- 
cia  are  alkaloids  produced  )jy  the  action  of  heat  on  quinine  or  qui- 
nidine  and  on  cinchonine  or  cinchonidiue  respectively.  They  also 
are  isomers — llesse  says  polymers — of  the  parent  alkaloids.  Both 
yield  ordinary  salts.  Quiniretin  is  the  name  given  to  the  brown  or 
reddish-brown  indilferent  substance  into  which  quinine  in  aqueous 
solution  is  converted  when  exposed  to  much  light. 

Quinamine  or  Quinamia  {G.^a^^,^^.,0^)  is  a  fifth  cinchona  alkaloid 
obtained  by  Hesse  in  1872  from  the  bark  of  Cinchona  succiruhrq. 
Its  solution  is  not  fluorescent  and  does  not  give  thalleioquin.  The 
same  chemist  announces  the  presence  in  cinchona  of  a  sixth  alka- 
loid, cinchamidine  (C^oHjgN^O). 

Cupreine,  homoquinine,  or  ultraqidnine  are  names  given  to  an 
alkaloid  existing  in  the  bark  of  a  Remijia  (allied  to  Cinchona),  and 
termed  cjy^;-e«-bark.  It  closely  resembles  quinine,  but  it  is  spar- 
ingly soluble  in  ether. 


STRYCHNINE,  OR  STRYCHNIA. 

Formula  CjiHjjNjOj.    Molecular  weight  334. " 

Source. — This  alkaloid  (Stn/chnina,  U.  S.  P.)  exists,  to  the  extent 
of  0.2  to  0.5  per  cent.,  in  the  seed  of  Strychnos  Knx  Vomica  {Nux 
Vomica,  U.  S.  P.),  also  (Shenstone)  in  minute  quantity  in  the  bark 
of  the  Nux  Vomica  tree  (false  Angostura-bark),  and  to  1.0  or  1.5 
per  cent,  in  St.  Ignatius's  bean  {Strychnos  lynatia)  (Ignatia,  U.  S.  P.), 
chiefly  in  combination  with  str3'chnic  or  igasuric  acid,  or,  after  slight 
fei'mentation  when  moistened,  with  lactic  acid. 

Process. — According  to  the  British  official  process  for  its  prepara- 
tion, the  nuts,  disintegrated  by  sulijection  to  steam,  and,  after  drying, 
grinding  in  a  coffee-mill,  are  exhausted  with  spirit,  the  latter  removed 
by  distillation,  the  extract  dissolved  in  water,  coloring  and  acid  mat- 
ters precipitated  by  acetate  of  lead,  the  filtered  liquid  evaporated  to 
a  small  bulk,  the  strychnine  precipitated  by  ammonia,  the  precipitate 
washed,  dried,  and  exhausted  with  spirit,  the  spirit  recovered  hy  dis- 
tillation, and  the  residual  liquid  set  aside  to  crystallize.  Crystals 
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of  strychnine  liiivinii;  formed,  the  niothei'-liquor  (which  contains  tiio 
brucinc  of  the  seeds)  is  jioured  away,  and  tlie  crystals  of  strychnine 
washed  with  spirit  (to  remove  any  brncine)  and  recrystaliized. 

In  the  U.  S.  P.  (1870)  process  the  rasped  Nux  Vomica  is  exhausted 
by  very  dilute  hydrochloric  acid,  milk  of  lime  added  to  the  evap- 
orated decoction  to  decompose  the  hydrochlorate  of  strychnine,  the 
precipitated  and  dried  mixture  of  strychnine  and  lime  treated  with 
diluted  alcohol  to  remove  brucine,  and  then  with  strong,  hot  alcohol 
to  dissolve  out  strychnine;  the  alcohol  having  been  recovered  by  dis- 
tillation, the  residual  impure  strychnine  is  dissolved  in  very  dilute 
sulpliuric  acid,  the  solution  decolorized  by  animal  charcoal,  evap- 
orated, and  set  aside  to  crystallize,  the  crystals  of  sulphate  of  strych- 
nine {Sfn/diniiue  Sui^^has,  U.  S.  P.;  2C,,H22N,02,H2SO^,7H20  ;  Cole- 
man, OIL^jO)  redissolved  in  water,  ammonia  added  to  precipitate  pure 
strychnine,  and  the  latter  dried.  It  is  soluble  in  about  40  parts  of 
water. 

Propei'ties. — Strychnine  occurs  "  in  right  square  octahedrons  or 
prisms,  colorless  and  inodorous ;  sparingly  solul)le  in  water,  but 
communicating  to  it  its  intensely  bitter  taste ;  soluble  in  boiling 
rectified  spirit  and  in  chloroform,  but  not  in  absolute  alcohol  or  in 
ether." 

Reactions. 

Firsf  Analytical  Read  ion. — Place  a  minute  particle  of 
strychnine  on  a  white  plate,  and  near  to  it  a  small  fragment  of 
red  chromate  of  potassium  ;  to  each  add  one  drop  of  concen- 
trated sulphuric  acid  ;  after  waiting  a  minute  or  so  for  the 
chromate  to  fairly  tinge  the  acid,  draw  the  latter,  by  a  glass 
rod,  over  the  strychnine  spot ;  a  beautiful  purple  color  is  pro- 
duced, quickly  fading  into  a  yellowish-red.  The  following 
oxidizing  agents  may  be  used  in  the  place  of  the  chi'omate : 
puce-colored  oxide  of  lead,  fragments  of  black  oxide  of  man- 
ganese, ferridcyanide  of  potassium,  or  permanganate  of  potas- 
sium. 

This  reaction  is  highly  characteristic:  a  minute  fragment  dissolved 
in  much  dilute  alcohol — or,  better,  chloi'oform — and  one  drop  of  the 
liquid  evaporated  to  dryness  on  a  porcelain  crucible-lid  or  other  white 
surface,  yields  a  residue  which  immediately  gives  the  purple  color  on 
being  oxidized  in  the  manner  directed. 

Other  Reartinns. — Strong  sulphuric  acid  does  notdecompose  strych- 
nine even  at  the  temperature  of  boiling  water,  a  fact  of  which  advan- 
tage is  t.aken  in  separating  stryciinine  from  other  organic  matter  for 

purposes  of  toxicological  analysis.  Sulpliocyanide  of  potassium 

produces,  even  in  dilute  solutions  of  strychnine,  a  white  precipitate;, 
which  under  the  microscope  is  seen  to  consist  of  tufts  of  acicular 

crystals.  Strong  nitric  acid  docs  not  color  strychnine  in  the  cold, 

ami  on  heating  only  turns  it  yellow. 

The  Fhi/.iioloi/i.r.td  Tent. — A  small  frog  placed  in  an  ountie  of  water 
to  which  Yt)ii  of  a  grain  of  a  salt  (a(;('tate)  of  stry(^hnine  is  added  is  in 
X.i  * 
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two  or  three  hours  seized  with  tetanic  spasms  on  the  slightest  touch, 
and  dies  shortly  afterward. 

Strychnine  has  an  intensely  bitter  taste.  Cold  water  dissolves  only 
^75^  part,  yet  this  solution,  even  when  largely  diluted,  is  distinctly 
bitter.  Alcohol  is  a  somewhat  better  solvent.  The  salts  of  the  alka- 
loid are  more  soluble.  The  Liquoi-  Strychnice,  B.  P.,  contains  four 
grains  of  strychnine  to  the  ounce,  the  solvent  being  three  parts  water, 
one  part  spirit,  and  a  few  minims  (C  per  ounce)  of  hj'drochloric  acid 
(rather  more  than  sufficient  to  form  hydrochloi-ate  of  strychnine).  A 
syrup  of  Phosphates  of  Iron,  Quinine,  and  Strychnine  is  official  {Sijr- 
ujms  Ferri,  Qninince,  et  istrychnince  Phosphatum).  It  contains  1  part 
of  strychnine  in  2500. 

Brucine,  or  Bri;cia  (C23H25N20,„4H20),  is  an  alkaloid  accom- 
panying strychnine  in  Nux  Vomica  and  St.  Ignatius's  bean  to  the 
extent  of  about  0.5  per  cent.  It  is  readily  distinguished  by  the 
intense  red  color  produced  when  nitric  acid  is  added  to  it. 
Igasurrne,  once  supposed  to  be  a  third  alkaloid  of  nux  vomica, 
has  been  shown  by  Shenstone  to  be  only  a  mixture  of  brucine  and 
strychnine. 

Curarine  (CioIIj^N),  the  active  principle  of  the  arrow-poison 
termed  ttrari,  oiirari,  luourali,  or  looorara,  prepared  from  a  StrycJi- 
nos,  resembles  strychnine  in  giving  color  ])y  oxidation,  but  the  color 
is  more  stable.  Iodide  or  platino-cyanide  of  potassium  does  not 
with  curarine  afford  precipitates  which  crystallize  from  alcohol  like 
those  of  strychnine.  Curarine  also  is  soluble  in  water.  Unlike 
strychnine,  curarine  is  reddened  by  sulphuric  acid ;  it,  also,  is  not 
dissolved  out  by  ether  from  an  acid  or  alkaline  liquid.  Curari 
appears  to  vary  much  in  strength  and  quality.  It  is  probably  a 
mixture  of  vegetable  extracts. 

Distinction  of  Brucine  from  Morphine. — The  red  coloration  pro- 
duced by  the  action  of  nitric  acid  on  brucine  is  distinguished  from 
that  yielded  by  morphine  by  the  action  of  reducing  agents  (such  as 
stannous  chloride,  hyposulphite  of  sodium,  sulphydrate  of  sodium), 
which  decolorize  the  morphine  red,  but  change  that  of  the  brucine  to 
violet  and  green  (Cotton). 

DisUnction  of  Free  Alkaloids  or  their  Salts  from  Each  Other. — 
This  is  accomplished  by  remembering  the  appearance  and  other 
physical  characters  of  the  substances  as  met  with  in  pharmac}^,  the 
eflect  of  heat,  the  action  of  such  solvents  as  water,  alcohol,  and 
ether,  the  influence  of  strong  and  diluted  acids,  strong  and  weak 
alkalies,  oxidizing  agents,  chlorine-water  and  ammonia,  and  other 
reagents.    (See  annexed  Tables,  I.  and  11.) 


QUESTIONS  AND  EXERCISES. 

680.  What  .alkaloids  are  more  or  less  characteristic  of  the  differ- 
ent varieties  of  cinchona-bark?    In  Avliat  form  do  they  occur? 

681.  By  what  method  is  Disuljihate  of  Quinine  oljtained? 

682.  Give  the  characters  of  disulphate  of  quinine. 
68.3.  Descril)e  the  tests  for  quinine. 
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I    TABLE  FOR  THE  IDENTIFICATION  OF  THE  TOLLOWINa 

{Compiled  hj  A.  Senier,  M.  i)-) 


Morphine. 
BnuciNE. 


Salicin. 
Strychnine. 


Quinine, 
quinidinb. 


CiNCHONINB. 
CiNCHONIDINE. 


To  a  small  quantity  on  a 
white  plate  add  strong  nitric 
acid. 


An  Orange 
Color,  de- 
colorized by 
SnCIj,  NazSj 
O3,  or  NaHS 
—Morphine,''^ 
Confirm  by — 
Fe2Cl6(neut.), 
wbich  gives 
with  m  0  r- 
phine  or  its 
salts  a  blue 
color. 

HIO3  is  de- 
composed by 
morphine  or 
its  com- 
pounds, with 
liberation  of 
iodine,  which 
may  be  re- 
cognized by 
starch. 


*  Strychnine 
of  commerce 
often  gives  an 
orange  or  red 
color,  due  to 
contamination 
with  hrucine. 


A  Med  Color. 

To  a  few 
grains  in  a 
test-tube  add 
a  drop  or  two 
of  HNO3  : 
warm  to  boil- 
ing and  dilute 
with  water ; 
then  add  a 
few  drops  of 
stannous  chlo- 
ride. 
A  violet  col- 
or =  Brucine. 


If  no  Morphine  or  Brucine, 
moisten  a  small  quantity  on 
a  white  plate  with  strong 
sulphuric  acid. 


A  deep  red 
color  —  Sali- 
cin. 

Confirm  by 
boiling  the 
substance 
with  water  to 
which  has 
been  added  a 
few  drops  of 
dilute  HzSOi. 
Then  make 
solution  alka- 
line and  ex- 
amine for  glu- 
cose. 


No  color,  or 
only  a  slight 
color. 

Drawamois- 
tened  crystal 
of  K2Cr207 
across  the 
acid  film  when 
a  transient 
play  of  colors, 
violet  to  red 
=  Strychnine. 


If  Morphine,  Brucine,  Salioin,  and  Strychnine  are 
absent,  make  a  saturated  solution  in  hot  water 
and  cool  down  to  about  60°  F.,  removing  the  crys- 
tals which  have  deposited  by  filtration.  If  the  sub- 
stance is  an  alkaloid  or  an  acid  salt,  it  must  be 
neutralized.  To  one  volume  of  this  solution  in  a 
test-tube  add  exactly  half  a  volume  of  ether  and 
then  ammonia  solution  in  slight  excess.  Agitate 
and  set  aside  for  a  quarter  of  an  hour. 


Precipitate  entire- 
ly soluble  in  the 
ether. 

To  a  portion  of 
the  saturated 
aqueous  solution 
add  rather  more 
than  an  equal  bulk 
of  ammonia  solu- 
tion (sp.  gr.  0.96) 
and  agitate.  The 
precipitate  dis- 
solves completely 
=  Ordinary  Sul- 
phate of  Quinine. 

If  precipitate 
does  not  dissolve 
completely,  add  to 
another  portion  of 
the  aqueous  solu- 
tion (NH4)2C204 

and  agitate  (no 
precipitate  at  once 
with  ordinary  sul- 
phate of  quinine). 

A  bulky  crystal- 
line precipitate  = 
Quinine. 

Confirm  by  other 
reactions  (see 
Quinine). 


A  crystalline  layer 
hetiveen  the  ethereal 
and  aqueous  solu- 
tions. 

To  a  portion  of 
the  aqueous  solu- 
tion add  Na2C4- 
II4O6  and  agitate. 
A  bulky  crystalline 
precipitate  =  Cin- 
chonidine. 

Confirm  by  other 
reactions  (see  Cin- 
chonidine). 

If  no  precipitate 
or  only  a  trace,  add 
to  another  portion 
of  the  aqueous  so- 
lution KI.  A  heavy 
white  precipitate 
=  Quinidine. 

If  the  precipitate 
be  semi-liquid,  it 
contains  cinchon- 
idine  or  other  alka- 
loids, the  hydrio- 
dates  of  which  are 
soluble  in  weak 
spirit. 


Precipitate 
insoluble 

in  ether = 
C in  c  h  0- 

nine. 
Confirm 

by  other 
reactions 
(see  Cin- 
chonine). 


Ml 
nitri( 

test  4s  follows  : — 


Fir  it 


Add 
Ap 

=  Si 


ri: 
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ACIDS 


rsi 

■  l  H 


Sulphuric. 

j  iiYnROCHLORIC. 

(  Phosphoric. 


Acetic. 

Meconic. 

CiTnic. 


a  solution  with  a  slight  excess  of 
acid,  divide  it  into  three  portions,  and 


on. 

BaCl2. 
cipitate 
Ipliuvic 
cid. 


Second  por- 
tion. 
Add  AgNOa. 
A  precipitate 

=  Hydro- 
chloric Acid. 


Third  pior- 
tion. 

Boil  for  a 
time  and  then 
add  a  few 
drops  of  an 
excess  of  solu- 
tion of  molyb- 
date  of  am- 
monium in 
HNO3,  and 
boil.  A  yel- 
low pulveru- 
lent precipi- 
tate =  Phos- 
phoric Acid. 


Make  a  neutral  solution  di 
vide  It  into  two  portions.W 
test  as  follows  :— 


First  por- 
tion. 

Add  neutral 
FezCls.  A  red 
color  indicates 
acetic  or  me- 
conic acid. 

Distinguish. 
Decolorized  by 
boiling=.4ce(!c 
Acid. 

Not  decolor- 
ized by  boil- 
ing =  Meconic 
Acid. 


Second  por- 
tion. 
If  no  ace- 
tic or  meco- 
nic acid,  add 

Precipitate 
(white,  with  a 
tendency  to 
darken)  sol- 
uble in  HNOs 
=  Citrie  Acid. 
Confirm  by 
adding  CaClj 
to  a  neutral 
cone,  solution 
and  boiling, 
when  a  white 
precipitate  of 
citrate  of  cal- 
sepa- 
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C  Quinine. 
ALKALOIDS.  \  Quinidine. 

(  Bebeuine. 


CiNCHONINE. 
CiNCHONiniNE. 

Strychnine. 


Dissolve  a  portion  in  H2O,  and  add  NH4HO  cautiously  (Precipitate  =  Alka- 
loids (except  Strychnine)  and  sometimes  FeaCHO).  Agitate  the  mixture  with  a 
little  ether,  and  separate,  by  means  of  a  pipette,  the  ethereal  solution,  aqueous 
solution,  and  insoluble  precipitate. 


Ethereal  Solution. 


May  contain  quinine,  quinidine,  or 
beberine.  To  solution  in  a  test-tube 
add  H2O,  very  slightly  acidulated  with 
HC2H3O2  and  boil,  burning  oil"  the  ether. 
To  a  portion  of  the  acetic  solution 
add  CI  or  Br  water  and  afterward 
NH4HO. 


Green  Color 
(thalleioquin). 


No  Green  Color. 


Solution  is  fluor-  j  To  a  portion  of 
cscent,  and  con-  !  the  acetic  solution 
tains  either  qui-  |  add  KHO,  a  yel- 
nine  or  quinidine.  !  lowish-white  pre- 
Conceutratethere-  i  cipitate=CeieriHe. 
mainder  of  the  so- 
lution and  divide 
into  two  parts.  To 
one  add  KI,  and 
to  the  other  add 

KI  precipitates 
qtiinidiiie,  not  qui- 
nine. 

(NHilzCiOi  pre- 
cipitates quinine, 
not  quinidine. 

For  another 
metliod,  see  the 
third  division  of 
'he  annexed  Table 
for  alkaloids 
using  40  or  50 
I  grains  of  material. 


Insoluble 
Precipitate. 


Is  cinohonine, 
cinchonidine,  or 
Fe26HO. 

Saturate  a  drop 
or  two  of  acetic  acid 
in  a  little  water 
with  the  precipi- 
tate, and  to  part 
of  the  solution  add 
Na2C4H406,  when 
aprecipitate  occurs 
in  the  case  of  cin- 
chonidine, and  no 
precipitate  in  that 
of  cinchonine. 


Aqueous 
Solution. 


May  contain 
strychnine.  Agi- 
tate with  CHCls 
and  separate  clilor- 
oforinic  solution. 
Evaporate  chloro- 
formic  solution, 
and  moisten  resi- 
due with  concen- 
trated H2S04.  Draw 
across  the  acid  film 
a  small  moistened 
crystal  of  IC2Cr207 
when  a  transient 
play  of  colors  — 
violet  to  red  = 
strychnine.  No 
colors  =  DO  strych- 
nine. In  ease  of 
doubt  add  NH4HO 
to  original  solu- 
tion. Agitate  with 
chloroform,  and 
proceed  as  before. 


P 
M 

o 


Pyrophosphoric. 

Hypophosphorous  (generally  converted  into  pyrophosphoric) 
Sulphuric. 

Hydrochloric  (as  a  contamination). 

Tartaric. 

Citric. 


Ignite  a  small  quantity  of  the  scale.  Heat  the  ash  with  HNO3, 
and  add  to  an  excess  of  solution  of  ammonium  molybdate  in  HNO3, 
and  boil. 


A  Yellow  Precipitate. 


Pyrophosphoric  or  hypophos- 
phorous acid.  Precipitate  some 
of  the  aqueous  solution  with 
KHO,  filter,  neutralize  with 
HNO3  and  add  AgNOa. 


White  pre- 
cipitate solu- 
ble in  nitric 
acid  =  Pyro- 
23  h  o  sp  h  0  ri  c 
Acid. 


White  to 
black  precipi- 
tate, soluble  in 
nitric  acid  = 
H oph  o  s  - 
phorous  Acid, 


No  Yellow  Precipitate. 


Precipitate  some  of  the  aqueous  solu- 
tion with  KHO,  filter,  and  add  to  a  por- 
tion of  the  filtrate  a  slight  excess  of 
HNO3  and  divide  into  two  parts.  To 
one  add  BaCb  (precipitate  =  Sn^yhuric 
Acid).  To  the  other  add  AgNOs  (pre- 
cipitate =  Hydrochloric  Acid).  Neutral- 
ize another  portion  of  the  KHO  filtrate 
with  HNO3  and  add  AgNOs. 


Precipitate 
Gray  to  Black. 


Add  very  little 
NH4HO  (not  suffi- 
cient to  dissolve 
the  whole  precipi- 
tate) and  heat.  A 
silvermirror=  J'a)'- 
taric  Acid. 

CaCl2andCa2HO 
precipitate  neutral 
solution  (if  concen- 
trated j  in  the  cold, 
the  precipitate  re- 
dissolving  on  boil- 
ing. 


Precipitate 
White. 


Citric  acid  gives 
no  mirror.  CaCh 
and  Ca2H0  do  not 
precipitate  citric 
acid  in  the  cold, 
but  upon  boiling 
(if  solution  be 
sufficiently  concen- 
trated) precipita- 
tion occurs. 


o 

I— I 

ocq 
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r  Ammoniuji  (often  as 
I  a  contamination). 
•*  Ferric  Iron. 

Potassium. 

Sodium. 


Ammonium. — Boil  aqueous 
solution  of  scale  with  KHO 
and  test  vapor  for  NH3. 
Filter  and  dissolve  precipi- 
tate in  HCI,  and  test  the  so- 
lution for  Iron  by  K^FeCys, 
KCyS,  etc. 

Potassium  and  Sodium. — 
Ignite  a  small  quantity  of 
the  scale,  and  moisten  the 
residue  with  water.  Test 
moistened  residue  with  lit- 
mus-paper. If  alkaline,  ex- 
amine for  potassium  and 
sodium  by  the  color  im- 
parted to  flame,  and  for  po- 
tassium by  HCI  and  PtCU. 


Confirm  Tartaric  or  Citric  Acid. — To  slightly  acidified  KHO  filtrate 
add  NH4HO  in  slight  excess  and  considerable  quantity  of  NH4CI  and 
CaCi2.  Tartrates  are  precipitated  completely  in  the  cold  with  agita- 
tion and  rest  for  about  ten  minutes.  To  the  solution  (or  filtrate  if 
tartrates  are  present)  add  three  volumes  of  spirit  of  wine,  when 
Citrates  are  precipitated.  If  sulphates  have  been  found,  disregard 
slight  precipitate  with  spirit  of  wine. 


ACONITINE. 
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684.  How  is  the  adulteration  of  disulphatc  of  quinine  hy  salicin 
detouted  ? 

085.  Show  how  the  sulphates  of  quinine  or  cinchonine  may  be 
proved  to  be  present  in  commercial  quinine. 

()8().  How  are  cinchonine  and  quinine  distinguished  from  morphine? 
()87.  Whence  is  strychnine  obtained  ? 

688.  Describe  the  official  process  for  the  isolation  of  strychnine. 

689.  Give  the  characters  of  strychnine. 

690.  Enumerate  the  tests  for  strychnine,  and  describe  their  mode 
of  application. 

691.  By  what  reagent  is  brucine  distinguished  from  strychnine? 

692.  Distinguish  between  brucine  and  morphine. 

693.  By  what  general  methods  would  you  distinguish  common 
alkaloids  from  each  other? 


Anahjtical  Exercises. — Analyze  small  quantities  of  alkaloids, 
their  salts,  and  various  "scale"  compounds  by  aid  of  the  annexed 
Tables,  I.  and  II. 


ALKALOIDS  OF  LESS  FREaUENT  OCCURRENCE. 

AcoNiTiNE,  AcoNiTiNA,  or  AcoNiTiA  is  an  alkaloid  obtained  from 
aconite  {Aconitum  Napellus)  leaves  {Aconiti  Folia,  B.  P.)  and  root 
{Aconitiim,  U.  S.  P.).  The  alkaloid  itself  is  only  slightly  soluble  in 
water ;  it  occurs  in  the  plant  in  combination  with  a  vegetable  acid, 
forming  a  soluble  salt. 

Process. — The  process  for  the  preparation  of  Aconiiine,  B.  P.,  con- 
sists in  dissolving  out  the  natural  salt  of  the  alkaloid  from  the  root 
by  rectified  spirit,  recovering  the  latter  by  distillation,  mixing  the 
residue  with  water,  filtering,  precipitating  the  aconitine  by  ammonia, 
drying  the  precipitate  and  digesting  it  in  ether  (in  which  some  of 
the  accompanying  impurities  are  insoluble),  recovering  the  ether  by 
distillation,  dissolving  the  dry  residue  in  the  retort  in  water  acid- 
ulated by  sulphuric  acid,  again  precipitating  the  alkaloid  by  am- 
monia, and  finally  washing  and  drying. 

Properties. — Aconitine  usually  occurs  as  a  white  powder,  but  has 
been  obtained  and  studied  in  the  crystalline  state  l)y  Groves,  AYright, 
and  others.  It  is  soluble  in  150  parts  of  cold  water,  50  of  hot,  and 
i-i  much  more  soluble  in  alcohol  and  ether.  It  is  one  of  the  most 
violent  poisons  known.  "  When  rubbed  on  the  skin  it  causes  a 
tingling  sensation,  followed  by  prolonged  numbness." 

The  thousandth  part  of  a  grain  on  the  tip  of  the  tongue  produces, 
after  a  minute  or  so,  a  characteristic  tingling  sensation  and  numb- 
n(!ss :  larger  quantities  ru})bod  into  the  skin  cause  numbness  and 
loss  of  feeling.  Oil  of  vitriol  turns  it  of  a  yellowish,  and  al'ter- 
ward  dirty-violet,  color. 

According  to  Wright,  who,  in  (fonjunction  with  Groves  and  AVil- 
liains,  worked  liy  aid  of  grants  from  tlic!  British  Pharmac(!nticM,l  Con- 
ference, Acomlum  napellus  yickls  ci'yst.iiline  aconitine,  I^NO,.^, 
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crystalline  pseiid-aconitme,  C3gIl49NO,2,  and  a  non-crystalline  alkii- 
loid. 

The  tuberous  roots  Ar.onihim  fcrox  and  other  species  constitute 
the  hish  or  hikli  of  India  {Acoiiiti  ferocin  Radix,  P.  I.).  It  chiefly 
contains  the  variety  of  aconitine  termed  pseud-acoiiitiiie.  Some  of 
the  aconitine  of  pharnuicy  is  pseud-aconitine.  According  to  Paul 
and  Kingzett,  the  alkaloid  of  Japanese  aconite  has  the  formula 
CjgH^jNO;,,  while  Wright  and  Menkc  state  that  the  formula  is 
Cea^IgsNjOj,  and  name  it  japaconiiine. 

Acoiiituin  heterophyllum,  Atis,  or  Atees  {Acnnifi  heterophi/lli  Radix, 
P.  I.),  contains  no  aconitine,  but  an  alkaloid  having  the  formula 
^■(6^174^205  (Broughton,  in  Fkarmacographia). 

AsPiDOSPERMiNE  is  an  alkaloid  of  Quebracho  hlanm  bark  (Fraude). 
Another  and  different  alkaloid  is  quebrac/iine  (02,1120^203)  (Hesse). 
The  latter  chemist  has  isolated  four  other  closely-related  alkaloids, 
and  two  from  Quebracho  Colorado  bark. 

Atropine,  or  Atropia  (CjjITjjNOg),  exists  in  the  Belladonna,  or 
Deadly  Nightshade  {Atropa  belladonna ;  Belladonnas  Folia  et  Radix, 
U;  S.  P.),  as  soluble  acid  malate  of  atropine. 

Process. — It  is  obtained  in  the  pure  state  by  exhausting  the  root 
with  spirit,  precipitating  the  acid  and  some  coloring-matter  by  lime, 
filtering,  adding  sulphuric  acid  to  form  sulphate  of  atropine  (which  is 
somewhat  less  liable  to  decomposition  dviring  subsequent  operations 
than  the  alkaloid  itself),  recovering  most  of  the  spirit  by  distillation, 
adding  water  to  the  residue,  and  evaporating  till  the  remaining  spirit 
is  removed  ;  solution  of  carbonate  of  potassium  is  then  poured  in  till 
the  liquid  is  nearly  but  not  quite  neutral,  by  which  resinous  matter 
is  precipitated ;  the  latter  is  filtered  away,  excess  of  carbonate  of 
potassium  then  added,  and  the  liberated  atropine  dissolved  out  by 
shaking  the  liquid  with  chloroform.  The  latter  solution,  having  sub- 
sided, is  removed,  the  chloroform  recovered  by  distillation,  the  re- 
sidual atropine  dissolved  in  warm  spirit,  coloring-matter  sepai-ated 
by  digesting  the  liquid  with  animal  charcoal,  the  solution  filtered, 
evaporated,  and  .set  aside  to  deposit  crystals. 

Solubility. — Atropine  is  sparingly  soluble  in  water,  the  liquid  giv- 
ing an  alkaline  reaction — more  soluljle  in  alcohol  and  ether. 

Tests. — Atropine  solutions  give  with  perchloride  of  gold  a  yellow 
precipitate.  One  drop  of  a  dilute  aqueous  solution  (two  grains  to 
the  ounce)  powerfully  dilates  the  pupil  of  the  eye.  It  is  generally 
applied  on  a  piece  of  thin  tissue-paper  or  small  disk  placed  between 
the  eyelid  and  the  eye.  Baryta-water  decomposes  it  into  tropine 
/CgHjrjNO)  and  tropic  a-id  (C9II10O:,),  a  molecule  of  water  being 
absorbed ;  hence  the  atropine  so  called  would  seem  to  be  tropatc  of 
atropine.  Indeed,  Ladenburg  by  combining  tropic  acid  and  tropine 
has  produced  a  base  indistinguishable  from  atropine.  The  same 
chemist  l)y  removing  the  elements  of  water  from  tropine  gets  tropi- 
dine,  CglljjN.  This  is,  possibly,  an  intermediate  member  of  a  group 
of  monamines  of  which  others  are  conine,  CgII,..N,  and  collidinc, 
CgHjjN,  the  latter  a  product  of  the  destructive  distillation  of  bone- 
oil,  coal,  quinine,  etc. 


HKHBEraXK. 
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Commercial  atropine  is  said  by  Rcifnaiild  and  Vaimonfc  to  bo  a 
mixture  of  true  atropine  with  liyos(:yaniino. 

Preparations. — The  alkaloid  itself  (Atrophia)  and  its  sulphate 
{AtrnpitKe  Sulphas.  (C„1I.^.|N0,,),II.S0^,  a  colorless  powder  soluble 
in  water,  made  by  neutralizing  atropine  with  sulphuric  acid)  are 
official  in  the  United  States  Pliarmacopccia. 

Beberine,  Bebirine,  Beberia,  or  BiniRix.v  (CigTTjiNOj),  an  alka- 
loid existing  in  tiie  bark  of  Bebeeru  or  Bebite  (Kecfandra  lioduei). 

/'/•oce.ss.— According  to  tlie  British  Pharmacopceia,  it,  or  rather 
its  sulphate,  CgBlIi^N.PyjIIjSO.,  (BclxTue  Siilj>has,  B.  P.),  may  be 
prepared  by  exhausting  the  bark  {Nectuiidrm  Cortex,  B.  P.)  with 
water  acidulated  by  sulphuric  acid,  concentrating,  removing  most 
of  tlie  acid  by  lime,  filtering,  precipitating  the  alkaloid  by  ammonia, 
filtering,  drying,  dissolving  in  spirit  (in  which  some  accompanying 
matters  are  insoluble),  recovering  most  of  the  spirit  by  distillation, 
neutralizing  by  dilute  sulphuric  acid,  evaporating  to  dryness,  dis- 
solving the  residual  sulphate  in  water,  evaporating  to  the  consist- 
ence of  a  syrup,  and  spreading  on  glass  plates,  drying  the  product 
at  140°  F.  Thus  obtained,  it  occurs  in  thin  dark-brown  translucent 
scales,  yellow  when  powdered,  strongly  bitter,  soluble  in  water  and 
in  alcohol.    It  is  probably  not  a  single  definite  salt. 

Tests. — Alkalies  give  a  pale-yellow  precipitate  of  beberine  whea 
added  to  an  aqueous  solution  of  a  salt  of  the  alkaloid  ;  the  precipi- 
tate is  soluble  in  ether.  With  red  chromate  of  potassium  and  sul- 
phuric acid  beberine  gives  a  black  resin,  and  with  nitric  acid  a  yel- 
low resin. 

Buxine,  from  the  bark  of  Buxus  scmpervirens ;  Pelosine,  or  Ciss- 
ampeline,  from  the  root  (Pareira,  U.  S.  P.)  of  Chondodendron  tomen- 
tosum  ;  and  Paricine,  from  a  false  Pai'a  cinchona-bark,  are  probaljly 
identical  with  Beberine  (Fluckiger). 

Aec/rtMrfrine  (C.^JT^jNOi). — Drs.  Maclagan  andGamgee  a  few  years 
ago  discovered  this  second  alkaloid  in  Bebeeru-bark.  It  differs 
from  beberine  in  fusing  when  placed  in  boiling  water,  in  being  much 
less  soluble  in  ether,  in  giving  with  strong  sulphuric  acid  and  black 
oxide  of  manganese  a  beautiful  green  and  then  violet  coloration,  and 
in  having  a  distinct  molecular  weight.  They  gave  the  opinion  that 
two  other  alkaloids  exist  in  Bebeeru-bark. 

Berberine,  or  Berheria  (C^oII^NO.,)  is  an  alkaloid  existing  in 
several  plants  of  the  natural  order  Berlieridea'.  (three  species  yield 
Indian  Barl/ern/,  Jicrlieris  Cortex,  P.  I.),  in  Calumba-root  (Caliivdia, 
U.  S.  P.),  Golilt/rrcad  (Coptis  tri folia)  according  to  Mayer  in  the 
root  of  Coptis  Siita,  or  Nieshnie  Bitters  {Cuptidis  Radix,  P.  I.),  an 
Indian  tonic,  and  in  many  yellow  woods.  Hi/drastis  canadensis, 
Velloto-root  or  Golden  Seed  (Ili/drastis,  U.  S.  P.),  contains  berberine, 
though  another  alkaloid,  hi/drastine,  and  even  a  third,  are  said  to  be 
present.  Xantliorrhiza  apiij'olia,  an  old  American  toni(!,  and,  appa- 
rently, ^l:?i>*<Ao37/Z)<w  _/)'ax//(f'(f7«,  or  Prickly  Ash  l)ark  (Aant/ioxi/lam, 
(J.  S.  P.),  also  contain  berberine.  Tin;  rliizonu!  of  Men.isperiniini  mna- 
den.ie,  Yelloic  Parillaor  Canadian  Moonsml  (Meiri.vj)ermiiw,  V.  S.  P.), 
contains,  according  to  Maisch.  a  colorless  alkaloid  as  well  as  bcr- 
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berine.  The  color  of  the  tissues  of  these  vegetables  is  apparently 
due  to  berborine,  for  the  alkaloid  itself  is  remarkable  for  its  beautiful 
yellow  color. 

Tests. — When  a  dilute  solution  of  iodine  in  iodide  of  potassium  is 
added  to  a  solution  of  any  salt  of  berberinc  in  hot  spirit,  excess  of 
iodine  being  carefully  avoided,  brilliant  green  spangles  are  deposited. 
The  reaction  is  sufficiently  delicate  to  form,  according  to  Perrins,  an 
excellent  test  of  the  presence  of  berberine.  This  iodo-compound 
polarizes  light,  and  has  other  analogies  with  a  similar  quinine-salt 
termed  Herapathite. 

Berberine  is  not  an  official  alkaloid,  but  the  plants  in  which  it 
occurs  are  used  as  medicinal  agents  in  all  parts  of  the  world. 

Process. — Berberine  is  readily  extracted  by  boiling  the  raw  mate- 
rial with  water,  evaporating  the  strained  liquid  to  a  soft  extract, 
digesting  the  residue  in  alcohol,  recovering  the  alcohol  b}'^  distilla- 
tion, boiling  the  residue  with  diluted  sulj)huric  acid,  filtering,  and 
setting  aside ;  the  sulphate  of  berberine  separates  out,  and  may  be 
purified  by  recrystallization  from  hot  water.  The  alkaloid  itself  is 
obtained  by  shaking  hydrate  of  lead  with  a  hot  aqueous  solution  of 
the  sulphate  of  berberine  (Procter). 

Capsicine,  or  Capsici.v. — M.  Felletilr  obtained  from  capsicum- 
fruits  {Capsicum,  U.  S.  P.),  which  when  ground  form  Cayenne  Pep- 
per or  African  Pepper,  a  volatile  alkaloid  having  the  smell  of  coniine. 
Thresh  has  obtained  crystalline  hydrochlorate  and  sulphate.  The 
latter  chemist  has  also  succeeded  in  isolating  the  active  principle  of 
capsicum,  which  he  has  termed  capsaicin  (Cglli^Oj),  a  cr^-stalline, 
non-alkaloidal,  excessively  acrid  substance.  Its  exact  chemical 
character  is  not  yet  made  out.    (See  also  Capsicin  in  Index.) 

Chelidoxine  (Ciglli-NjOj)  and  Chelerytiirixe  (CjgHi-NO^),  the 
latter  identical,  apparently,  with  sangninarine,  are  two  alkaloids 
occurring  in  Celandine  {Chelidoniam,  U.  S.  P.),  associated  with 
citric,  malic,  and  cholidonic  (C,II,OJ  acids. 

Cocaine,  or  Cocaina  (CigHjjiNOJ  is  an  alkaloid  of  Eri/f/iroxi/lon 
coca  (Erijthi-oxi/lon,  U.  S.  P.),  the  leaves  of  which  are  said  to  be  a 
powerful  restorative  to  the  human  system. 

Colchicine,  or  Colchicia,  the  active  principle  of  Colrhicum 
autiunnale  (Colchici  Radix;  ColcMci  Semen,  U.  S.  P.),  is  said 
to  be  an  alkaloid,  though  some  investigators  think  it  has  more 
of  the  cliiiracters  of  a  neutral  substance  and  give  it  the  name  Cal- 
chicin.  Teisel  says  it  may  be  crystallized  from  chloroform.  Hertel 
gives  it  the  formula  Cj^H.^^NOg,  and  states  that  ebullition  with  acid- 
ulated water  converts  it  into  colchiceiu,  C,7lIjiN03,2Il20.  It  needs 
further  examination.  The  most  active  medicinal  preparation  is  an 
extract  made  from  the  fresh  seeds  by  digestion  in  large  volumes  of 
alcohol  of  at  least  90  per  cent.,  and  subsequent  digestion  of  the 
marc  in  hot  water.  The  extracts  left  on  evaporating  the  two  fluids 
separately  are  to  be  carefully  mixed  (Mols). 

Coniine,  Conicine,  Cicutine,  Conia,  or  Convlia.  Formula 
CgHj^N  (Ilofmann). — This  alkaloid  is  a  volatile  liquid  occurring  in 
hemlock  {Conium  maculaium),  in  combination  with  an  acid  (malic?). 
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It  is  not  official.  Acconling  to  Petit,  its  l)oiling  point  is  170°  C, 
and  its  ilonsit}'  0.846.    It  tbrins  cu-ystnllino  .salts. 

Pnirc.ss. — It  may  be  obtained  by  distillinfj;  hemlock-fruit  {Co- 
niiim,  U.  S.  P.)  with  water  reiulcred  slightly  alkaline  by  caustic  soda 
or  potasli,  or  by  similarly  treating  the  I'resh  juice  of  the  leaves, 
'riu!  alkaloid  is  a  yellow  oily  liquid  Iloating  on  the  water  that  distils 
over ;  by  redistillation  it  is  obtained  colorless  and  transparent. 

The  salts  of  coiiiiiie  have  no  odor,  but  when  moistened  with  solu- 
tion of  an  alkali  yield  the  alkaloid,  the  strong  smell  of  which,  at 
once  recalling  hemlock,  is  characteristic.  Extract  of  hemlock-leaves 
{Colli i  Folia,  B.  P.),  to  which  solution  of  potash  and  boiling  water 
have  been  added,  forms  the  official  Inhalation  of  Coniine  ( Vapor 
C'oniiE,  B.  P.). 

Tests. — Sulphuric  acid  turns  coniine  purplish-red,  changing  to  olive- 
green,  nitric  acid  a  blood-red ;  perchloride  of  gold  produces  a  yel- 
lowish-white precipitate,  perchloride  of  platinum  no  precipitate,  in 
aqueous  solutions. 

Hemlock  also  contains  7nefJu/l-coiiiine  (CglTj.|)^^CH3N2  ?  (K^kul6 
and  Van  Planta),  and  conhydrim,  Cgllj^NO. 

According  to  SchifF,  coniine,  isomeric,  at  least,  with  the  natural 
alkaloid,  may  be  produced  artificially  by  action  of  ammonia  on  buty- 
ric aldehyd  and  destructive  distillation  of  the  resulting  compound. 

CoRVDALiN'E,  CoRVDALiNA,  Or  CouvDALiA,  is  an  alkaloid  obtained 
by  Wenzell  from  "  Turkey  Corn,"  the  tubers  Dicenira  {curydalis) 
formosa. 

Daturine,  or  Daturia.    Vide  IIvoscvamine. 

Dei.i'Hinine,  Delpiiine,  or  Dei.phia  (CjJIasNO^)  tlie  poisonous 
alkaloid  of  Stavcsacre,  Delphiniinii  stapkisacjria  {Stap/iisagria, 
U.  S.  P.).  The  powdered  seeds  of  the  plant  are  employed  to  kill 
the  pedicnli  of  animals. 

Ditamine  (Jobst  and  Hesse),  the  Dilain  of  Gruppe,  is  the  alka-' 
loid  of  "  Dita,"  or  bark  of  Echites  sclwlaris  or  Alstonia  scholaris 
(Alstoiiice  Cortex,  P.  I.),  a  reputed  febrifuge.  Oberlin  and  Schlag- 
denhauffen  state  that  the  allied  Alstonia  constricta  contains  a  crys- 
talline alkaloid  alstonine  and  uncrystallizable  alstoiiieine.  Alsto- 
nine  seems  to  be  allied  to  strychnine. 

DunoisiNE,  or  DunoisiA,  is  the  name  suggested  by  Gerrard  for 
the  alkaloidal  active  principle  he  extracted  from  Didmisia  vn/opo- 
roides,  unless,  as  he  adds,  the  l)ody  should  prove  to  be  atropine,  to 
which  it  is,  at  all  events,  closely  allied. 

Emetine,  or  Emetia  (CyinN.p^,  Glenard). — This  alkaloid  is  the 
active  emetic  principle  of  the  root  of  Cejihu'lis  iperaaianka,  {fpe- 
ranianlia,  U.  8.  1'.).  It  occurs  in  conil)ination  with  ipecacuanhic 
acid.  The  nitrate  is  peculiarly  slightly  solidilc  in  water  (Lefort). 
In  the  Pidvis  Ipemc.uaii ka;  el  Opii,  U.  S.  P.,  or  "  Dover's  Powder  " 
(Powdered  Ipecacuanha,  1  part;  Powdered  Opium,  1  part;  and 
Sugar  of  Milk,  S  parts),  minute  division  of  tlu;  active  ingredients  is 
firoinoted  by  prolonged  trituration  with  tlie  sugar  of  milk,  which  is 
hard.    The  Indian  substitute  of  Ipecacuiirdia  is  the  dried  leaf  ('/Jy/o- 
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p/torce  Folia,  P.  I.)  of  7]i/lop/inra  aslhmatica.  .Its  active  principle  lias 
not  been  satisfactorily  isolated. 

Gei.semine,  or  Gei.seminia  (C,,TI,,,N02,  Sonnenschein  ;  CijIIj^NOj, 
Gcrrard),  is  the  alkaloid  of  Gelseiiiiimi  sempercirens,  or  Carolina 
Yellow  Jasmine  {Gelxeinivm,  U.  S.  P.),  in  the  tissues  of  which  plant 
the  gelseuiinic  acid  of  Wormley  and  a2srjtlin  (CjqII^jOj,,),  the  fluo- 
rescent gUicoside  of  the  Horse  Chestnut  and  of  many  other  plants, 
are  also  present. 

Hyoscyamine,  or  IIvoscvamfa  (C,,II.^.,N0.,),  a  volatile  alkaloid, 
occurs  in  the  leaves  {Ili/osn/ainus,  U.  S.  P.),  seed,  and  other  parts  of 
Henbane.  According  to  Duquesnel,  it  is  solid  and  crj'stalline.  Its 
effect  on  the  eye  is  similar  to  that  of  atropine.  The  researches  of 
Buckheim  point  to  the  conclusion  that  hyoscyamine  is  the  tropate 
of  an  alkaloid  homologous  with  tropine  (Sonnenschein).  (See  Atro- 
pine.) 

Sulphate  of  Hyoscyamine,  (CjjII,3NO.|).^,Il2SOj,  is  official  {ITi/os- 
cijamince  Sulphas,  U.  S.  P.).    It  is  yellowish-white. 

Ladenburg  also  finds  in  henbane  some  hyoscine,  a  tropate  of 
another  alkaloid  homologous  with  tropine. 

The  alkaloids  which  occur  in  Datura  Stramoniinii,  or  Thorn- 
apple  {Slramonii  Folia  et  Semen,  U.  S.  P. ;  Dliatnra ;  Datura 
alba;  Daturce  Folia  et  Semina,  P.  I.),  and  in  Duhoisia  vii/opo- 
roides,  and  formerly  supposed  to  be  distinct  alkaloids,  called  re- 
spectively Daturine  and  Duljoisine,  are  identical  with  liyoscyaniine, 
and  the  latter  is  isomeric,  if  not  identical,  with  atropine  (Laden- 
burg.) Ordinary  atropine  also  occurs  in  stramonium.  Bees  which 
sip  from  the  flowers  of  stramonium  are  said  to  produce  poisonous 
honey. 

Jervine,  or  Jervia  (CijglTjcN.^Og)  occurs  in  Veratrum  album, 
White  Hellebore,  and  V.  viride  (U.  S.  P.),*  American  "White  Hel- 
lebore, the  root  of  which  is  oflicially  recognized  in  Great  Britain 
( Veratri  Viridis  Radix,  B.  P.).  Its  salts  are  much  less  soluble  in 
water  than  those  of  veratrine.  According  to  Bullock,  Veratrum 
r/ricZe  contains  still  another  alkaloid,  teTOT^ro/c/ine ;  and,  according 
to  Mitchell,  Veratrum  album  also  contains  an  alkaloid  which  he  terms 
veratralbiue.  Tobien  gives  the  formula  of  jervine  as  Cj-lIj-XjOp,  and 
of  veratroidine  as  C5|H-sN.^0,g  or  C^JIsyNO,.  According  to  Wright, 
Veratrum  album  contains  jervine,  C.^f.H-jjNO:, ;  pseudojervinc, 
C.^,,H^.;NO, ;  rubijervine,  C.^nll^-jNO^ ;  veratralbiue,  C.^glTj^fXOj ;  and 
traces  of  veratrine,  CgjHc^NO,,.  The  same  author  finds  Verairum 
viride  to  contain  jervine,  pseudojervinc,  cevadine,  Cj^H^jNOj,,  rubi- 
jervine, and  traces  of  veratrine  and  veratralbiue. 

Juglaadinc  is  the  name  given  by  Tanrot  to  an  alkaloidal  sub-  • 
stance  obtained  from  the  leaves  of  the  walnut,  Juylans  regia.  In 
the  root-bark  of  Juglans  cincrca,  or  Butternut  {.Juglans,  U.  S.  P.), 


*  "The  name  Green  Hellebore  is  sometimes  ap))licd  to  the  drug,  but 
it  properly  belongs  to  HetlehoruR  viridis  (jj.  421),  which  is  medicinal  in 
some  parts  of  Europe." — Hanhnri/. 
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Tliicbaud  found  a  bitter  substance  and  an  acid  resembling  chryso- 
phanic. 

LoBEi.iN'E,  or  LoBEMA. — A  volatile  fluid  alkaloid  fii'st  isolated  from 
the  dried  floweriny  herb  Lobelia  injlaia  {Lobelia,  U.  S.  P.)  by  Proc- 
ter. In  the  pure  state  it  smells  slightly  of  the  plant,  but  mixed  with 
ammonia  it  emits  a  strong  and  characteristic  smell  of  the  herb. 
With  acids  it  forms  crystalline  salts. 

LuPULixE  is  stated  by  Greismayer  to  be  a  licpjid  volatile  alkaloid 
contained  in  hops  {Hamulus  liipulus). 

Nectandrine.    Tide  Beberine. 

Nicotine,  Nicotixa,  Nicotia,  or  Nicotyma,  formula  C,5rii^N2, 
or  (CjIIj)'^',]^^.  This  is  also  a  volatile  liipiid  alkaloid,  forming  the 
active  principle  of  tobacco  {Nicotiana  tabacum),  malatc  and  citrate 
of  nicotine  being  the  forms  in  which  it  occurs  in  the  leaf  {Tabacum, 
U.  S.  P.).  Its  odor  is  characteristic  ;  like  coniine,  it  yields  a  precip- 
itate with  porchloride  of  gold;  but,  unlike  that  alkaloid,  its  aqueous 
solutions  are  precipitated  yellowish-white  by  porchloride  of  plati- 
num. It  is  not  official.  It  is  also  contained  in  2)ituri,  a  drug 
■■  chewed  by  the  natives  of  some  parts  of  Australia  as  a  stimulant 
narcotic." 

Phvsostigmine,  or  Phvsostigma  (C3gH2iN304). — An  alkaloid  con- 
tained in  the  Calabar  bean  {P/u/sosiiyma,  U.  S.  P.),  the  seed  of 
Physostifjma  veneiiosiim  (Jobst  and  Hesse).  A  trace  of  it  power- 
fully contracts  the  pupil  of  the  eye ;  a  small  quantity  is  highly 
poisonous.  Fraser  also  isolated  another  (but,  possibly,  the  same) 
principle,  and  termed  it  Eserine,  from  Esere,  the  name  of  this  ordeal- 
poison  at  Calabar.  Salici/J.ate  of  Plu/sostigmine  is  official  {Physos- 
lifjmincB  Salici/las,  U.  S.  P.),  CijIIjiNjO^jCjIIeO^. 

Pilocarpine  is,  apparently,  the  active  principle  of  the  diapho- 
retic and  sialogogue  Jaborandi,  the  leaflets  of  Pilocarpus  pinnati- 
folius  {Pilocarpus,  U.  S.  P.).  The  occurrence  of  an  alkaloid  in  this 
plant  was  first  announced  by  Hardy,  followed  almost  immediately 
by  Byasson.  A  crystalline  nitrate  and  hydrochlorate  were  first 
obtained  by  Gerrard.  Kingzett  gives  the  formula  of  pilocarpine 
as  C23H,,,N,,0,.  The  leaves  also  yield  an  pssontial  oil,  a  terpene 
^-'lo^Iio  (Hardv).  Harnack  and  Meyer  state  that  the  true  formula 
for  nil  ocarpine  is  CuHiuN^Oj,  and  that  its  effects  resemble  those  of 
nicotine,  but  that  it  readily  yields  another  alkaloid,  jaborine, 
which  proljably  closely  approaches  pilocarpine  in  composition,  but 
is  allied  to  atropine  in  oftbcts,  and  may  be  contained,  ready  formed, 
in  /'fihornndi.  One  salt  i.s  official  {Pilocarpina;  Ri/di-ochloras, 
('„H,„N',0,,IICI,  U.  S.  P.). 

Piperine,  or  Piperia  {Piperina,  U.  S.  P.)  (C,7lT,„N0.,),  is  a  feeble 
alkaloid  occurring  in  ivhite,  black  {Piper  Nii/ru.m.,  V.  S.  P.),  lou;/ 
pepper  [Cliavicu  ojfirinarum,  Mign.)  and  r'u.beb  pepper  [Cubeba, 
U.  S.  P.),  associated  with  volatile  oil  and  resin  ;  to  these  three  sul)- 
stances  the  odor,  flavor,  and  acridity  belong.  PipcM'ino  is  obtained 
on  bftiling  \vliit(^  pc^jipcr  with  alcohol,  and  evaporating  the  li(jnid 
with  sohition  of  potash,  which  retains  resin.  Uccrystallized  from 
.34 
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alcohol,  piperine  forms  colorless  prisms  fusible  at  212°.  With  acids 
and  certain  metallic  compounds  it  forms  salts,  and  distilled  with 
strong  alkali  yields  piper iiiine  or  piperidia  (CjIIiqIIN),  an  alkaloid 
of  strong  chemical  properties,  imd  piper ic  acid  (OijIIiqO^).  Accord- 
ing to  Buckheim,  the  amorphous  resin  of  the  peppers  is  similar  in 
constitution  to  piperine,  alkalies  breaking  it  up  into  piperidine  and 
chavicic  acid.  Fyrethrin  is  also  said  to  be  a  member  of  the  series. 
The  piperine  of  cubeb  pepper  is  not  to  be  confounded  with  cubebin,  a 
neutral  constituent  having  the  formula  CgjlIjiOn,. 

Sanguinakine,  or  Sanguinarina,  is  a  colorless  alkaloid  obtained 
from  the  rhizome  of  Samjidnaria  canadensis  {Sanguinuria,  U.  S.  P.), 
or  Blood-root.  Its  salts  have  a  red,  crimson,  or  scarlet  color.  It 
appears  to  be  identical  with  Ciielervthrin. 

SoLANiNE,  or  SoLANiA  (C43ll7QNO,g). — An  alkaloid  said  to  exist  in 
the  Woody  Nightshade  or  Bitter-sweet  {Solanum  dulcamara).  The 
dried  young  branches  of  the  plant  are  official  (Didcatnara,  U.  S.  P.). 
It  occurs  also  in  the  shoots,  and  in  minute  amount  in  the  skins  of 
the  tubers,  of  the  potato  {Solanum  tuberosum).  The  alkaloid  is  only 
slightly  soluble  in  water,  alcohol,  or  ether ;  nitric  ixcid  colors  it  yel- 
low ;  sulphuric  acid  produces  at  first  a  yellow,  then  a  violet,  and 
finally  a  brown  coloration.  It  is  said  to  be  a  conjugated  compound 
of  sugar  with  solanidine  {C^^W^^^O).  Geissler  finds  dulcamurin 
{CijU^iO^f)),  a  glucoside,  to  be  the  bitter  constituent  of  Solanum 
dulcamara.  A  mixture  of  sulphuric  acid  and  alcohol,  or  either 
selenic  acid  or  selenate  of  sodium  and  sulphuric  acid,  colors  sola- 
nine  or  solanidine  a  dark  red. 

Sparteine,  or  Sparteia  (CjjlLgN),  is  a  poisonous  volatile  alkaloid 
occurring  in  Bi-oom-tops  {Scoparius,  U.  S.  P.).  Its  discoverer,  Sten- 
house,  considers  that  the  diuretic  principle  of  broom  is  scoparin,  a  non- 
poisonous  body.  Mills  has  obtained  ethyl-sparteine  (C15II23C2H5N) 
and  diethyl-sparteine  (Cj5ll24C2H5C2H5N). 

Spigelika. — According  to  Dudley,  this  is.a  volatile  alkaloid  and 
active  principle  of  Spigelia  marilandica,  or  Pink-root  {Spigelia, 
U.  S.  P.). 

Theine,  Theia,  or  Caffeine  (C8H,„N,02  +  Ufi).  This  alkaloid 
{Caffeina,  U.  S.  P.)  occurs  in  tea,  1  to  4  per  cent.,  coffee,  .5  to  2  per 
cent.,  Mate  or  Paraguay  tea,  .2  to  2  per  cent.,  guarana  {Gnarana, 
U.  S.  P.,  "  a  dried  paste  prepared  from  the  crushed  or  ground  seeds 
of  Faullinia  sorbilis^^),  5  per  cent.,  and  the  kola-nut.  Infusions 
and  preparations  of  these  vegetable  products  are  used,  chiefly  as 
beverages,  by  three-fourths  of  the  human  race.  It  is  remarkaljle 
that  the  instinct  of  man,  even  in  his  savage  state,  should  have  led 
him  to  select,  as  the  bases  of  common  beverages,  just  the  four  or 
five  plants  which  out  of  many  thous.ands  are  the  only  ones,  so  far  as 
we  know,  containing  theine.  Theine  is  volatile.  Considerable  quan- 
tities may  be  collected  by  condensing  the  vapors  evolved  during  the 
roasting  of  coffee  on  the  large  scale.  The  infusion  of  tea,  from 
which  astringent  and  coloring  matters  have  been  precipitated  by 
solution  of  subacetate  of  lead,  and  Avhich  has  been  evaporated  to  a 
small  bulk,  yields  a  precipitate  of  theine  on  the  addition  of  a  strong 
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solution  of  carbonate  of  potassium.  It  may  be  crystallized  from 
alcohol  or  by  sublimation.  Thoino  forms  salts  with  the  stronger 
acids ;  they  are  decomj)Osed  by  water. 

Test. — Concentrated  nitric  acid,  or,  better,  a  mixture  of  chlorate 
of  pottvssium  and  hydrochloric  acid,  rapidly  oxidizes  thcine,  forming 
compounds  which  with  ammonia  yield  a  beautiful  purple-red  color, 
resembling  the  murexid  obtained  under  similar  circumstances  from 
uric  acid  ;  the  oxidation  must  not  be  carried  too  fur.  Theine  lioiicd 
witii  caustic  potash  yields  methylamine  (CII^IIIIN),  the  vapor  of 
which  has  a  peculiar  characteristic  odor. 

The  rhemiral  action  oj'  theine  on  the  system  is  not  yet  made  out. 
It  is  probably  a  pure  stimulant. 

Veratrine,  or  Veratria  (  Veratrina,  U.  S.  P.)  (CgoHjoNOg,  Schmidt 
and  Koppcn;  CjjHsoN.jOi,,  Weigelin). — This  alkaloid  occurs  in  Ceca- 
dilla  {Sabadilla,  b.  P. ;  the  seeds  of  Asagreii,  officinalis,  Lindley, 
termed  SabadiUa  officinarimn  by  Brandt,  and  Vei  airum  officinale  by 
Schlccht).  It  is  also  said  to  occur  in  the  leaves  of  Sarracenia  pur- 
purea. According  to  Weigelin,  Cevadilla  contains  two  isomeric 
varieties  of  veratrine,  the  one  soluble,  the  other  insolulde,  in.  watoi'. 
There  arc^  also  present  Sahadilline  (C^iIIggNjO,,)  and  Saliatrine 
t'oiI^sB^'i^n)-  veratrine  of  trade  contains  the  two  latter  alka- 

loids (W  eigelin).  A  mere  trace  of  veratrine  brought  into  contact 
with  the  mucous  membrane  of  the  nose  causes  violent  fits  of  sneez- 
ing. These  alkaloids,  and  those  from  the  difi'eront  species  of  Vera- 
trum,  are  evidently  very  closely  allied.  Wright  and  Luff,  by  the 
use  of  tartaric  acid,  a  .solvent  less  likely  than  the  strong  acids  to 
decompose  alkaloids,  extract  from  Cevadilla,  V'^ratrinc,  ('sjHsaNOji ; 
(-'evadine,  C3,Il4[,N09  ;  and  Cevadilline,  Cg4ll5.,NOg. 

The  official  process  for  the  preparation  of  the  alkaloid  (Veratria, 
B.  P.)  consists  in  exhausting  the  disintegrated  cevadilla-seeds  by 
alcohol,  recovering  most  of  the  spirit  by  distillation,  pouring  the 
residue  into  water,  by  which  much  resin  is  precipitated,  filtering, 
and  precmitating  the  veratrine  from  the  aqueous  solution  by  am- 
monia. It  is  purified  by  washing  with  Wtater,  solution  in  dilute  liy- 
dro(!hioric  acid,  dccolorization  of  the  liquid  by  animal  charcoal,  repre- 
cipitation  by  ammonia,  washing,  and  drying.  The  U.  S.  P.  (1870) 
process  is  similar,  l)ut  includes  treatment  of  £he  first  crude  veratrine 
by  diluted  sulphuric  acid  and  precipitation  of  alkaloid  by  magnesia. 

Unyuentum  Verairince,  U.  S.  P.,  contains  4  per  cent,  of  the  alka- 
loid. 


QUESTIONS  AND  EXERCISES. 
694.  How  is  Aconitine  prepared  ? 

00.5.  Give  the  strength  of  the  official  preparations  of  Atropine. 
690.  Describe  the  properties  of  atropine. 

697.  What  is  the  active  principle  of  stramonium? 

698.  Mention  pharmacopccial  sul)stances  containing  bebcrinc  and 
berberine  respectively. 

699.  Give  the  characters  of  bcborine. 
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700.  In  what  does  noutandrine  difrer  from  beberinc? 

701.  Mention  the  charact(U-istic.s  of  coniine. 

702.  AVhat  is  the  active  principle  of  Ipecacuanha? 

703.  Name  the  alkaloid  of  Tobacco. 

704.  Give  the  name  and  properties  of  the  active  principle  of  Cala- 
bar Bean. 

705.  AVhat  are  the  sources  of  pipcrine? 

706.  Whence  is  theine  obtained? 

707.  Describe  the  preparations  of  vcrsitrine, 

708.  State  the  properties  of  veratrine. 


BITTER  OR  TONIC  SUBSTANCES,  Etc. 

The  following  articles,  employed  medicinally  in  such  forms  as 
Decoction,  Extract,  Infusion,  Tinctui*e,  etc.,  contain  active  princi- 
ples which  have  not  jet  been  thoroughly  examined.  Some  of  these 
principles  have  been  isolated,  and  a  few  have  been  obtained  in  the 
crystalline  condition,  but  their  constitution  has  not  been  sufficient!}^ 
well  made  out  to  admit  of  the  classification  of  the  bodies  either 
among  alkaloids,  glucosides,  acids,  or  other  well-marked  principles : — 

Cimicifnga  [Aciea)  racemosa  (Ci- 
micifugin?).  Black  snake-root. 


Andro(]raphis  Caules  et  Radix, 

P.  I.,  from  Andrographis  pa- 

niculuta,  Kariyat. 
Anthemidis  flores. 
Apocijniun.    Canadian  Hemp. 
Asclepias  iuherosa.  Pleurisy-root 

(Asclepedin). 
Aurantii  cortex  (Ilesperidin). 
Azadirachtcc  Cortex  et  Folia,  P. 

I.,  from  Azadirachta-  indica, 

Nim  or  Margosa.    (A  resin ; 

CsellsnOu-    B  rough  ton.) 
Baptisia  tinctori.a.   Wild  Indigo. 

Alkaloid?      B.  L.  Smedley, 

Greene. 

Bonducella  seniina,  P.  I.,  from 
Ccesalpinia  {f/nifandiiia)  bon- 
ducella. Bondue-seeds  or  nick- 
ar-nuts. 

Bii.clm  folia. 

Calendula  officinalis.  Marigold. 

(Calendulin,  Stoltze.) 
Calotropis  Cortex,  P.  I.,  from  Ca- 
lotropis procera  and  C.yigantm. 
Mudar. 
Canellie  alba;  cortex. 
Cascarilla;    cortex  (Cascarillin, 


C,JI„0,). 

Caulophyllum  thali.ciroide.s. 
cohosh.    Alkaloid  ? 


Blue 


Cunparice  cortex.  Angustura-bark 

(Cusparin). 
Cgpripcdiuin  pnhcscens  (Cypripe- 

din?).  Ladies'  Slipper. 
Euonymus  atropurpureus.  Wa- 

hoo-bark  (Euonymin?). 
Eupaforiuin  per/'oliatum.  Thor- 

oughwort  or  Boneset. 
Grindelia  robusta.  Resin? 
Gulancha  ( Tinosponv  liadix  et 

Caules,  P.  I.). 
Gi/nocardiai  semina,  from  Gi/no- 
cardia  odor  at  a  {Climdmugra, 
P.  I.). 

Hamainelis    virginica.  AYitch- 
hazel. 

Hedeoma  pnlegioides.  American 

pennyroyal. 
Hydrocoti/les  folia,  P.  I.,  from 

Hijdrocotijle  asiatica.  Indian 

pennywort. 
Iris  versicolor.    Blue  flag  (Iridin 

or  Irisin  ?). 
Lactuca  (Lactucin,  etc.).  The 

milk-juice,  dried,  yields  Lactu- 

carium,  U.  S.  P. 
Lappa,  U.  S.  P.,  Arctium  lappa, 

Lappa  officinalis.  Burdock. 
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Lvpnhis. 

Mtit/jiiilia.  Swamp  Sassafras  or 
Boaver  Tree. 

MarruhiuM.  Iloroliound.  Mar- 
niboin,  a  crystalline  bitter 
substaiiee  (Meiu). 

Ma  (iccE  folia.  Matico. 

Mdia  Azedarack  { Rosin,  Jacobs). 

I'cpo.  The  seed  of  (Jaciirbita 
})epo.  A  remedy  for  tape- 
worm. 

riil/lolacca  hacca  et  Radix.  Poke, 
berry  and  root.  Phytolaccin, 
a  crystalline  substance  (Ciaas- 
sen). 


Qua.i.ria!       ligmmi  (Qiiassin, 

c,oii,A)-  ^  „ 

Scutellaria.  Skullcap. 
Serpenlaria.  Viri^inia  Snake-root. 
Hlilliiujia.    Queen's  Moot. 
iioi/mid(c   Coiicx,   P.  1.  Iiohun 

Bark,  from  Soi/inida  fcbrijiuja. 
Taraxaci  radix  (Taraxacin). 
Toddulioi  radix,  P.  1. 
Triticiim  repens.    Rhizome  of 

couch-grass. 
Veronica  virginica,  or  Leptayidra 

virjjinica.    Culvers  root;  Lep- 

iaudra,  U.  S.  P.  (LeptanclrinV). 
Viburiiiuii.   Black  haw.   (  Vibur- 

nin). 


AMYLACEOUS  AND  SACCHARINE  SUBSTANCES. 

STARCH. 

Formula  C6H10O5 ;  possibly  C,  JlijoOgo. 

Pmccssru. — Easp  or  grate,  or,  with  a  knife,  scrape,  a  portion 
of  a  clean  raw  potato,  letting  the  pulp  fall  on  to  a  piece  of 
muslin  placed  over  a  small  dish  or  test-glass,  and  then  pour  a 
slow  stream  of  water  over  the  pulp  ;  minute  particles  or  ffnm- 
vlea  of  starch  pass  through  the  muslin  and  sink  to  the  bottom 
of  the  vessel,  fibrous  matter  remaining  on  the  sieve.  This  is 
potato-starch.  Even  diseased  potatoes  furnish  good  starch  by 
this  method.  Wheat-starch  (Ami/liim,  U.  S.  P.)  may  be  ob- 
tained by  tying  up  some  flour  in  a  piece  of  calico  and  knead- 
ing the  bag  in  a  slow  stream  of  water  flowing  from  a  tap,  the 
Avashings  running  into  a  deep  vessel,  at  the  bottom  of  which 
the  white  starch  collects ;  the  sticky  matter  remaining  in  the 
bag  is  (jlnteii.  The  hlur  starch  of  the  shops  is  artificially  col- 
ored with  smalt  or  indigo  to  neutralize  the  yellow  tint  of  re- 
cently washed  linen  ;  it  should  not  be  used  for  medicinal  pur- 
poses. Starch  dried  in  mass  splits  up  into  curious  columnar 
masses,  resembling  the  basaltic  pillars  of  Fingal's  Cave  in 
Staffa  or  those  of  the  Giant's  Causeway  in  the  North  of  Ire- 
land. The  cause  of  the  phenomenon,  which  may  also  be  seen 
in  grain-tin,  is  not  conclusively  known. 

Gluten  is  the  body  which  gives  tenacity  to  dough  and  bread.  It 
seems  to  be  a  mixture  of  vegetable  fibrin,  vegetable  casein,  and  .an 
albuminous  matter  termed  glutin.  1'hese  substancics  and  gluten 
itself  are  closely  allied  5  each  contains  about  If)  per  cent,  of  nitrogen. 
Whcalrn  Flour  {Farina,  Tritici,  B.  I'.)  contains  about  72  per  cent, 
of  starch  and  11  of  gluten,  as  well  as  sugar,  gum,  fin(!  bran,  water, 
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iinil  ash.  The  coinpactnesa  of  barley,  well  seen  in  Husked  or  Pearl 
Barley  {Ilordenm  Decorticaliim,  B.  P.),  is  said  to  be  due  to  the  large 
amount  of  vegetable  fibrin  present.  During  germination  the  fiJjrin 
is  destroyed ;  hence,  probably,  the  cretaceous  character  of  malt. 
Oatmeal  is  very  rich  in  albumonoid  or  flesh-forming  constituents, 
containing  nearly  1(5  per  cent.  /S'«//o  is  granulated  starch  from  the 
Sago  Palm.  Tapioca  is  granulated  starch  from  the  Bitter  (,'asava. 
The  white  translucent  grains  known  as  Rice  ai'c  the  husked  seeds 
of  On/za  saUva.  Rice  (On/za)  and  the  Flour  of  Rice,  or  Oround 
Rice  {On/za  Farina),  are  official  in  the  Pharmacopoeia  of  India. 
Rice  is  quite  a  staple  article  of  food  in  tropical  coutries.  Ground 
rice  resembles  flour  of  wheat  in  composition,  but  contains  from  85 
to  90  per  cent,  of  starch. 

Microscopical  Examination  of  Starches. — All  kinds  of  starch 
aflbrd  the  blue  color  with  iodine,  showing  their  chemical  similarity. 
Physically,  however,  the  granules  of  different  starches  differ  from 
each  other  ;  hence  a  careful  microscopical  examination  of  any  starch, 
or  of  any  powder  or  vegetable  tissue  containing  starch,  enables  the 
observer  to  state,  with  a  high  degree  of  pro))ability,  the  source  of 
the  starch,  either  at  once  if  he  has  much  experience,  or  after  com- 
paring the  granules  in  ((uestion  with  authentic  specimens.  A  glance 
nt  the  accompanying  eight  engravings*  (Pigs.  41  to  48)  of  common 
starches  will  show  to  what  extent  diflerent  starch-granules  naturally 
differ  in  size,  shape,  general  appearance,  distinctness  and  character 
of  the  ruga3,  and  position  of  the  more  or  less  central  point  or  hilum. 
While  from  different  starches  individual  granules  may  lie  picked  out 
M'hich  much  resemble  each  other,  the  appearance  of  each  starch  as  a 
whole  is  fairly  characteristic.  That  is  to  say,  cacii  (jroup  of  granules 
differs  in  one,  two,  or  several  characters  from  similar  (/roups  of 
granules  of  other  starches. 

A  quarter-inch  object-glass  will  commonly  suffice  for  the  micro- 
scopical examination  of  starch.  A  very  little  of  the  starch  is  mixed 
on  a  glass  slide  with  a  drop  of  water,  a  piece  of  thin  covering-glass 
being  placed  on  the  drop  and  gentlj'  pressed,  so  as  to  provide  a  very 
thin  layer  for  observation.  Instead  of  water  diluted  spirit  of  wine, 
diluted  glycerin,  turpentine,  or  other  essential  oil,  Canada  balsam, 
and  other  fluids,  may  bo  used  in  cases  whei-e  the  nnirkings  or  other 
appearances  are  not  well  defined.  The  illumination  also  of  the 
granules  may  be  varied,  the  light  being  reflected  or  transmitted,  con- 
centrated or  diffused,  white  or  colored,  polarized  or  plain.  Polarized 
light  is  especially  valuable  in  developing  differences  and  in  intensi- 
fying the  effects  of  obscure  markings.  By  polarized  light  the  gran- 
ules of  potato-starch  appear  as  if  traversed  by  a  )ilack  cross  :  Avheat- 
starch  granules  and  many  others  also  peculiarly  and  characteristically 
influence  polarized  liglit.  Distinctive  characters  will  sometimes  pre- 
sent themselves  only  when  the  granules  are  made  to  roll  over  in  the 
fluid  in  which  they  have  been  temporarily  mounted  or  when  the 


*  By  permission  of  Messrs.  Longmans  &  Co.  these  engravings  have 
been  copied,  with  very  few  modifications,  ironi  tiie  plates  in. two  of  the 
three  volumes  of  the  original  edition  of  Pereira's  .^Jatcria  Mcdicu. 
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STAECHES 

(Magnified  250  diameters). 

•?.W/A  afnn  Inch.   Vir/s.  4  1  to  4S. 
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slide  is  gently  warmed.  Starches  which  have  already  been  subjected 
to  the  influence  of  boat,  partly  as  in  sago  or  tapioca,  or  almost 
entirely  as  in  bread,  will  of  course  difler  in  appearance  from  granules 
of  the  same  starch  Ijefore  being  dried,  cooked,  or  torrefied.  The 
characters  of  a  starch  will  also  somewhat  vary  according  to  the  age 
and  condition  of  the  phmt  yielding  it. 

For  plates  and  descriptions  of  the  characters  of  other  starches 
occui-ring  in  plants  used  for  medicinal  purposes,  the  reader  is  re- 
ferred to  works  on  Materia  Medica  and  to  the  indexes  of  Journals 
of  Pharmacy,  as  well  as  to  general  works  and  magazines  on  micro- 
scopy. For  engravings  of  starch  granules  in  situ,  vide  Berg's  Anu- 
toinischer  Atlas,  published  Ijy  Gaertner,  Berlin. 

The  student  may  place  fair  confidence  in  the  accompanying  illus- 
trations and  in  most  of  the  published  engravings  of  starch  granules ; 
but  in  microscopical  analyses  of  importance  the  woi'ker  should,  if 
possible,  himself  obtain  actual  specimens  of  starches  for  comparison 
from  the  respective  seeds,  fruits,  and  other  tissues. 

Inulin  (Cg  IIiqOj)  is  a  white  powder  apparently  occupying  the 
place  of  starch  in  the  roots  of  many  plants,  especially  those  of  the 
natural  order  Cornpositce.  Twenty  to  forty-five  per  cent,  has  been 
obtained  from  elecampane  {Inula  helcnium).  It  is  also  contained 
in  the  dahlia,  colchicum,  arnica,  dandelion,  chicory,  etc.  It  is 
soluble  in  boiling  water,  nearly  all  being  redeposited  on  cooling. 
Iodine  turns  it  yellow.  Long  ebullition  converts  it  into  a  kind 
of  gum. 

Lichenin  (Cgllj^Oj)  is  a  white  starch-like  powder  largely  contained 
in  many  lichens— Iceland  "  Moss,"  Ceiraria  islandica,  and  many 
others.  It  is  soluble  in  boiling  water,  and  the  fluid  gelatinizes  on 
cooling.  It  may  be  precipitated  from  its  aqueous  solution  by  alco- 
hol.   With  iodine  it  gives  a  reddish-blue  color. 

Mucilage  of  Starch. — Mix  two  or  three  grains  of  starch  with 
first  a  little  and  then  more  water,  and  heat  to  the  boiling- 
point  ;  mucilage  of  starch  {Mucilago  Amyli,  B.  P.)  results.  1 
part  of  starch  to  200  of  water  gives   Gelatinized  Starch, 

u.  s.  p. 

This  mucilage  or  paste  is  not  a  true  solution ;  by  long  boiling, 
however,  a  portion  of  the  starch  becomes  dissolved.  In  the  latter 
case  the  starch  probably  becomes  somewhat  altered. 

Chemical  Test. — To  some  of  the  mucilage  add  a  little  free 
iodine ;  a  deep  blue  color  is  produced. 

This  reaction  is  a  very  delicate  test  of  the  presence  of  cither  iodine 
or  starch.  The  starch  must  be  in  the  state  of  mucilage ;  hence  in 
testing  for  starch  the  substance  supposed  to  contain  it  must  be  first 
boiled  in  water.  The  solutions  used  in  the  reactions  should  also  be 
cold  or  nearly  so,  as  the  blue  color  disappears  on  heating,  though  it 
is  partially  restored  on  cooling.  The  iodine  reagent  may  be  iodine- 
water  or  tincture  of  iodine.  In  testing  for  iodine  its  occurrence  in 
the  free  state  must  be  insured  by  the  addition  of  a  drop,  or  even 
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loss,  of  chlorine-water.  Excess  of  chlorine  must  be  avoided,  or  chlo- 
ride of  iodine  will  lie  formed,  which  does  not  color  starch. 

The  .so-called  Iodized  S/air/i  {Aiiii/liiiir  loda/iriii,  U.  8.  P.),  or  iodide 
of  .starch  (Starch,  U') ;  Iodine,  5)  scarcely  merits  the  name  of  a  chem- 
ical compound,  the  state  of  union  of  its  constituents  being  feeble. 
Substances  that  attack  free  iodine  remove  that  element  from  iodide 
of  starch.  The  alkalies,  hydrosulphuric  acid,  sulphurous  acid,  and 
other  reducing  reagents  destroy  the  blue  color. 

Composition  of  Starch  Granules. — Starch  granules  consist  mainly 
of  (/ranidose,  soluble  in  cold  water  and  giving  an  indigo-color  with 
iodine,  and  starch  relliiluse,  insoluble  in  water  and  giving  with 
iodine  a  dirty-yellow  color.  The  starch  cellulose  forms  an  external 
coating  upon  the  granule,  and  also  exists  mixed  with  the  granulose 
inside  the  granule.  If  this  coating  be  broken  liy  mechanical 
means,  the  continued  application  of  cold  water  will  remove  all  the 
granulose,  leaving  the  cellulose  insolulile.  By  the  action  of  diastase, 
ptyalin,  and  other  ferments,  and  by  other  means,  the  granulose  may 
i)e  converted  into  sugar  and  dextrin,  leaving  the  starch  cellulose  un- 
acted upon. 

Dextrin. — ]Mix  a  grain  or  two  of  starch  with  about  half  a 
test-tnbeful  of  cold  Avater  and  a  drop  or  two  of  sulphuric  acid, 
and  boil  the  mixture  for  a  few  minutes  ;  no  mucilage  is  formed, 
and  the  liquid,  if  sufficiently  boiled,  yields  no  blue  color  with 
iodine ;  the  starch  has  become  converted  into  dextrin  and  some 
sugar.  Dextrin  is  also  produced  if  starch  is  maintained  at  a 
temperature  of  about  320°  F.  for  a  short  time.  Dextrin  is 
now  largely  manufactured  in  the  latter  way,  and  a  paste  of  it 
used  by  calico-printers  as  a  vehicle  for  colors  ;  it  is  termed 
British  i/iim.  The  change  may  also  be  eifected  by  diastase,  a 
peculiar  ferment  existing  in  malt.  Mix  two  equal  quantities 
of  starch  with  equal  amounts  of  water,  adding  to  one  a  little 
ground  malt,  then  heat  both  slowly  to  the  boiling-point ;  the 
mixture  without  malt  thickens  to  a  paste  or  pudding,  that  with 
malt  remains  thin,  its  starch  having  become  converted  into  dex- 
trin and  a  sugar  termed  maltose. 

Diastase  is  probably  a  mixture  of  the  coagulable  albumonoids. 
It  is  so  named  from  (iitit7Tna/(;  {dinslasi.'^),  sejKiraiion,  in  allusion  to 
tiie  separation,  or  rather  alteration,  it  eilects  among  the  constituent 
atoms  of  the  molecule  of  starch.  This  function  is  shared  by  the 
saliva,  pancreatic  juice,  bile,  and  the  intestinal  and  other  juices. 
The  function  is  destroyed  when  the  albunuMioids  are  coagulated  by 
a  t(!mi)crature  of  from  80°-81°  C. 

The  Action  of  Diastase  upon  Starch. — Diastase  has  scarcely  any 
action  upon  unbrok<;n  starch  granules.  TIk!  granuliis  must  be  rup- 
tured by  gelatinization  with  heat  and  moistiu'c  or  in  some  other 
way.  When  a  solution  containing  diastase,  such  as  a  cold-\vat(>r 
infusion  of  malt,  be  allowed  to  act  upon  gelatinous  starch  or  starch 
jniste  at  00°  to  70°  C,  liipiefactiou  occurs.    It  is  possible  to  operate 
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so  that  when  liquefaction  has  taken  place  the  solution  shall  give  no 
reaction  for  su<far  or  dextrin.  If  this  solution  be  concentrated  and 
allowed  to  cool,  a  glisteninj;;  white  precipitate  of  soluble  starch 
falls.  Soluble  s^tarch  is  probably  the  result  of  the  partial  decompo- 
sition of  the  more  complex  molecule  of  granulose  or  gelatinous 
starch.  The  next  step  in  the  action  of  diastase  upon  gelatinous 
starch  is  the  breaking  down  of  the  soluble  starch  molecule  into 
dextrin  and  a  sugar  called  maltose.  At  Iciist  ten  dextrins  are  suc- 
cessively produced,  each  simpler  than  the  one  preceding  it,  the  pro- 
portion of  maltose  being  correspondingly  increased.  The  dextrins 
iirst  produced  give  a  red  or  brown  color  with  iodine,  while  those  last 
produced,  and  having  a  simpler  molecule,  give  no  color  with  iodine. 
The  final  reaction  may  be  expressed  thus : — 

10(C,,II,„O,„)    +    811,0   =   8(C,,TI,p„)    +  2(C,,Tr,„0.o) 

Soluble  starch.  Maltose.  Uextriu. 

The  dextrins  are  distinguished  by  their  i-otary  power,  their  reducing 
action  on  cupric  salts,  and  in  other  ways. 

Starch  heated  with  glycerin  is  converted  into  the  soluble  variet3^ 
The  latter  may  be  precipitated  from  an  acpieous  solution  b}'  strong 
alcohol.  A  strong  solution  in  water  gradually  gelatinizes,  owing  to 
reconversion  into  insoluble  stai'ch  (Zulkowsky). 

The  Action  of  Dilute  Acids  upon  Slarc/i. — Dilute  acids  act  upon 
gelatinous  starch  in  the  same  way  as  diastase,  except  that  the  final 
product  is  glucose. 

Malt  (the  word  malt  is  said  to  be  derived  from  the  Welsh  mall, 
soft  or  "rotten")  is  simply  barley  which  has  been  softened  by  steep- 
ing in  water,  allowed  to  germinate  slightly,  and  further  change 
then  arrested  by  the  ajjplication  of  heat  in  a  kiln.  During  germina- 
tion the  gluten  In-eaks  up  and  yields  a  glutinous  substance  termed 
vegetable  gelatin,  diastase,  and  other  ^latters.  To  the  vegetable 
gelatin  is  due  much  of  the  "  body "  of  well-malted  and  slightly- 
hopped  beer ;  it  is  precipitated  by  tannic  acid,  hence  the  thinness  of 
ale  (pale  or  bitter)  brewed  with  a  large  proportion  of  hop  or  other 
materials  containing  tannic  acid.  A  portion  of  the  diastase,  react- 
ing on  the  starch  of  the  barley,  converts  it  into  dextrin,  and,  in- 
deed, carries  conversion  to  the  further  stage  of  grape-sugar,  as  will 
be  explained  immediately.  The  temperature  to  which  the  malt  is 
heated  is  made  to  vary,  so  that  the  sugar  of  the  malt  may  or  may 
not  be  partially  altered  to  a  dark-lirown  coloring-material ;  if  the 
temperature  is  high,  the  malt  is  said  to  be  Jii(/h-ilricd,  and  is  used 
in  porter-brewing ;  if  low,  the  product  is  of  lighter  color,  and  is 
used  for  ale  {Maltmn,  U.  S.  P.,  "not  darker  than  pale  amber'"). 
The  diastase  remaining  in  malt  is  still  capable  of  converting  a  large 
quantity  of  starch  into  dextrin  and  sugar  (maltose) ;  hence  the 
makers  or  distillers  of  the  various  spirits  operate  on  a  mixture  of 
malted  and  unmalted  grain  in  preparing  liquors  for  fermenta- 
tion. 

Extract  of  malt  is  an  evaporated  infusion  of  malt.  Taken  with 
food,  its  diastase  aids  in  the  conversion  of  starch  into  a  variety  of 
sugar  termed  maltose  and  dextrin,  and,  pro  tanto,  assists  enfeebled 
digestive  powers. 
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3C„TI,„05    -I-    ILO   =    C„II,,0„    +  C,II,„03 

Stiucli.  Miiltuso.  Dextiiii. 

As  diiistiiso  losos  this  power  at  a  temporature  above  150°  F.,  tliat 
dejiroe  sliould  not  be  exceeded  m  evaporating  tliu  infusion  ;  indeed, 
if  the  dissolved  albunionoid  matters  are  to  Ik;  retained,  the  evapora- 
tion should  be  conducted  at  120°  F.  (For  a  nietiiod  of  estimating 
the  strengtli  of  extract  of  malt,  see  a  paper  by  Uunstan  and  Dim- 
mock,  I'luirm.  Joiu-n.,  March  8,  1879.) 

Gam  is  a  frequent  constituent  of  vegetable  juices,  existing  in  large 
quantity  in  several  species  of  acacia.  According  to  Fr6my,  gum  is 
a  calcium  salt,  sometimes  partially  a  potassium  salt  of  the  (jnmmic  or 
anihic  radical.  The  formula  of  gummic  acid  is  said  to  bo  H^Gn- 
II|gO,(„II.,0.  Gum  differs  from  dextrin  in  yielding  mucic  acid  when 
oxidized  by  nitric  acid.  Cerasin,  or  cherry-tree  gum,  is  an  insoluble 
modification  of  acacia  gum.  Bassorin,  trac/anthin  or  adraganihin 
(C,.,II.^()0,q),  is  a  form  of  gum  which  is  insoluble  in  water,  but  al)sorbs 
a  large  quantity  of  that  liquid  and  forms  a  gelatinoid  mass.  It 
occurs  largely  in  Tragacanth,  combined,  like  arabin,  with  calcium. 
Pectin,  or  vegetable  Jell;/  (C23HjqO.^„4H,0),  is  the  body  which  gives 
to  expressed  vegetable  juices  the  property  of  gelatinizing.  It  forms 
the  chief  portion  of  Irish  or  Carrageen  "  Moss,"  Clumdrus  crispas, 
(C/iondrus,  U.  S.  P.).  Ceylon  Moss'^  {Gracilluria  lichenoides  and 
G.  confercoides,  P.  I.)  contains  from  one-third  to  three-fourths  of 
vegetable  jelly. 

The  mucilage  of  marshmallow-root  (Althea  officinalis)  (Althea, 
U.  S.  P.),  and  of  linseed  or  common  flaxseed  {Limim  usitatissimniii), 
is  a  gum-like  substance  containing  much  mineral  matter.  It  is  the 
basis  of  the  infusions  termed  mallow-tea  and  linseed-tea.  Somewhat 
similar  mucilage  occurs  in  infusion  of  Bael ;  it  is  also  largely  yielded 
by  the  seeds  of  the  Quince  {Cydoniii.m,  U.  S.  P.)  and  by  ordinary 
Elm-Bark  {Ulmi  Cortex,  B.  P.),  as  well  as  by  the  bark  of  the  Red  or 
Slippery  Elm  {Llmi  Fn'lvo')  {Ulmiis,  U.  S.  P.).  Salep,  the  powdered 
dried  tubers  of  many  species  of  Orchis,  contains  a  large  quantity  of 
.such  matter.  Squill  also.  The  Indian  Okra  {Hibisci  Capsulce,  P.  I., 
from  Hibiscus  eseulentus)  and  Ispaghul-  or  (S)^f*//«/-seeds  [IspaghidcE 
semina,  P.  I.,  from  Plantago  ispaghula)  also  appear  to  contain  a 
considerable  quantity.  In  Sassafras-Pith  [Sassafras  Medulla,  U.  S. 
P.)  starch  and  much  mucilage  occur. 

Isomerism — A  llotropy — Polymorphism. 

The  composition  of  dextrin  is  represented  by  the  same  formula  as 
that  of  starch,  namely  f 'oHmOj,  for  it  has  the  same  percentage  com- 
position as  starch.  Inulin  (p.  404)  and  (!cllulosc  have  also  a  similar 
formida.  There  are  many  other  bodies  similar  in  contesinuil  com- 
position, but  dissimilar  in  properties;  such  su])stances  are  termed 
isomeric  {'itrnc,  isos,  <!(pud,  and  jilpm;,  meros,  part),  and  their  condition 
is  spok(!n  of  as  one  of  isomerism.  There  is  sometimes  good  reason 
for  doubling  or  otherwise  multiplying  the  formula  of  one  of  two 
isomers,  i.somcrides,  or  isomeric  bodies.  Thus  a  molecule  of  olefiant 
gas  (ethylene),  the  chief  illuminating  constituent  of  coal-gas,  is  ri^pre- 
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scnted  by  the  formula  C'jTI,,  while  a  molecule  of  amylene,  an  anass- 
thetic  liquid  hydrocarlxm,  obtained  from  amylic  alcohol,  tliou;ih 
having  the  same  percentage  composition  as  oleliant  gas,  is  represented 
by  the  formula  CjIIjq  ;  for  amylene,  when  gaseous,  is  about  twice  and 
a  half  as  heavy  as  ethylene,  and  must  contain,  thei*efore,  in  each 
molecule,  twice  and  a  half  as  many  atoms,  for  (law  of  Avogadro) 
these  eqnal  volumes  must  contain  equal  numbers  of  molecules :  its 
formula  is,  consequently,  constructed  to  represent  those  proportions. 
(Read  again  pages  38-42.)  This  variety  of  isomerism  is  termed 
jmh/merism  (from  ttoXv^,  polus,  many  or  much,  and  fjepoc,  part). 
Metastannic  acid  (vide -p.  239)  is  a  polymeric  \iirietj  or  polyweride 
of  stannic  acid.  An  illustration  of  a  second  variety  of  isomerism  is 
seen  in  the  case  of  cyanate  of  ammonium  and  urea,  bodies  already 
alluded  to  in  connection  with  Cyanic  Acid.  These  and  .several  other 
pairs  of  chemical  substances  have  dissimilar  properties,  yet  are  simi- 
lar not  only  in  elementary  composition  and  in  the  centesimal  propor- 
tion of  the  elements,  but  also  in  the  fixct  that  each  molecule  possesses 
the  same  number  of  atoms.  But  the  reactions  of  these  bodies  indi- 
cate the  probable  nature  of  their  construction  ;  and  this  is  shown  in 
-their  formulfe  by  the  disposition  of  the  .symbols.  Thus  cyanate  of 
ammonium  is  represented  by  the  formula  CNONII,,  urea  hy  CON0H4. 
Such  bodies  are  termed  metameiic  (from  fjera,  meta,  a  preposition 
denoting  change,  and  //epof),  and  their  condition  spoken  of  as  one  of 
metamerism.  Acetate  of  ethyl  (p.  297)  is  metameric  with  butyric 
acid  (p.  300),  for  they  have  the  .same  percentage  composition  and 
their  vapors  have  the  same  specific  gravitj',  and  each  therefore  might 
be  represented  by  the  formula  CjlIgO, ;  but  their  properties  warrant 
us  in  assuming  that  their  atoms  occupy  different  positions  in  the  two 
molecules — justify  us  in  giving  C2H5C2H3O,  as  a  picture  of  a  mole- 
'cule  of  acetate  of  ethyl,  and  IIC4H-O2  as  a  picture  of  a  molecule 
of  butyric  acid.  Acetate  of  methyl  (CHiCjHgO,),  propionic  acid 
(IIC3II5O.2),  and  formate  of  ethyl  (C2H;;CII02)  are  isomers  of  the 
metameric  variety,  or  metamerides  ;  also  quinine  and  quinldiue,  cin- 
chonine  and  cinchonidine,  and  many  of  the  volatile  oils,  etc.  The 
isomerism  of  starch  and  dextrin  may  be  of  a  polymeric  or  of  a  meta- 
meric character,  but  we  do  not  yet  know  which,  and  must  therefore 
at  present  give  them  identical  formulaj.  Sub.stances  similar  in  com- 
position and  constitution,  yet  differing  in  properties,  are  termed  aJIo- 
trojjic  (dP./'.of,  alios,  another^  rpd-oc,  irojjos,  condition).  Thus  ordi- 
nary phosphorus,  kept  at  a  temperature  of  about  450°  F.  in  an 
atmosphere  from  which  air  is  excluded,  becomes  red,  opaque,  insol- 
uble in  liquids  in  which  ordinary  jthosphorus  is  soluble,  oxidizes 
extremely  slowly,  and  only  ignites  when  heated  to  near  500°  F.  (red 
or  amorphous  pho.sphorus).  A  black  allotropic  variety  of  phosphorus 
is  known.  There  are  also  three  allotropes  of  carbon,  which  are 
respectively  crystalline,  graphitic,  and  amorphous.  Sulphur  may  be 
obtained  in  the  viscious  as  well  as  in  the  hard,  brittle  condition.  An- 
other illustration  of  allotvopi/  is  seen  in  the  varieties  of  tart-jiric  acid, 
which  have  different  optical  properties,  but  otherwise  are  identical; 
they  are  in  neither  of  the  above-mcmtioned  states  of  isomerism,  but 
are  allotropic  modifications  of  the  same  substance.   Occasionally  one 
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and  the  same  substance  crystallizes  in  two  distinct  forms ;  its  state  is 
then  described  as  one  of  poli/morphism  [wolhg,  2>olrix,  many  ;  /^op^?), 
7norp/ie,  form).  Sulphur  is  polym.oi'phous.  Ibci-ystallizes  Ijy  siow 
cooling  in  (1)  prismatic  crystals  of  sp.  gr.  1.98,  while  in  nature  it 
occurs  in  (2)  octahedra  of  sp.  gr.  2.07.  Melted  and  poured  into 
water,  sulphur  takes  up  the  form  of  (3)  caoutchouc,  of  Hp.  gr.  1.96. 
These  differences  waiTant  the  statement  that  sulphur  occurs  in  three 
distinct  allotropic  conditions.  Possibly  such  conditions  result  fron^ 
the  association  of  different  numbers  of  atoms  in  the  molecule  of  the 
element ;  that  is,  allotropic  ])odies  may  simply  ha  jyliiJsicaWj polymeric 
or  in  some  other  way  be  mere  phi/siral  isomerides. 

CeUulin,  or  cellulose,  the  woody  fibre  of  plants,  familiar  in  the 
nearly  pure  state  under  the  forms  of  "  cotton-wool "  {Gossijpi.u,ni,  B.  P. 
and  U.  S.  P.,  "  hairs  of  the  seed  of  various  species  of  Gossypium  "), 
paper,  linen,  and  pith,  is  another  substance  isomeric,  pi'obably  poly- 
meric, with  stai'ch.  Lignin  is  a  closely  allied  body  lining  the  in- 
terior of  woody  cells  and  vessels.  By  the  action  of  nitric  acid  of 
various  strengths  on  cellulin,  peroxide  of  nitrogen  (NO.^)  is  sub- 
stituted for  one,  two,  or  thi-ee  atoms  of  hydrogen — mono-,  di-,  or  tri- 
nitrocellulin  bt^ig  formed  : — 


Cellulia. 
C'ellulin. 


CeUulin. 


+ 


+ 


HNO, 

Nitric  acid. 

2IIN0, 

Kitric  acid. 


=  c, 


Moiionitrocelluliu. 

c  I   lis  lo 

2N0, 


+ 


+■ 


Nitric  acid. 


Diuitiocelluliu. 

"-"I  3N02  I 

Triuitrocelluliu. 


0.  + 


H,0 

Water. 

211,0 

Water. 


3IIjO 

Water. 


Trinitrocellulin  is  highly  explosive  gun-cotton  ;  diniti'ocellulin  is  not 
sufficiently  explosive  for  use  instead  of  gunpowder ;  mononitrocel- 
lulin  is  scarcely  at  all  explosive.  The  three  movable  atoms  of 
hydrogen  in  cellulin  may  be  displaced  by  bodies  other  than  peroxide 
of  nitrogen. 

Dinitrocellulin  {Pyroxylinum,  U.  S.  P.). — Mix  6  parts  of 
sulphuric  acid  and  5  of  nitric  in  an  earthenware  mortar. 
When  cooled  to  about  32°  C.  (90°  F.),  immerse  1  part  of 
cotton-wool  in  the  mixture,  and  stir  it  with  a  glass  rod  so 
that  it  is  thoroughly  and  uniformly  wetted  by  the  acids. 
Macerate  for  about  ten  hours,  or  until  a  sample  washed  with 
water  and  then  with  alcohol  is  soluble  in  a  mixture  of  1  vol. 
of  alcohol  and  3  of  .stronger  ether.  Transfer  the  cotton  to  a 
vessel  containing  a  considerable  volume  of  water,  stir  it  rap- 
idly and  well  with  a  glass  rod,  decant  the  liquid,  pour  more 
water  upon  the  mass,  agitate  again,  and  repeat  the  affusion, 
agitation,  and  dccantation  until  the  washing  ceases  to  give  a 
precipitate  with  chloride  of  barium  or  to  taste  acid.  Drain  the 
jiroduct  on  filtering-paper,  and  dry  in  a  water-bath. 
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Pyroxylin  may  also  be  made  Ijy  soakirif;  7  parts  of  white  filtering- 
paper,  which  has  been  washed  in  liydrocliloric  acid  and  dried,  in  a 
mixture  of  140  parts  of  sulphuric  acid  (sp.  gr.  l.H'2)  and  70  of  nitric 
acid  (1.37)  for  three  hours,  and  well  washing  the  product  ((iuichard). 

Moiwnitroccllulia  and  triniinicellidbi  are  insoluble  in  a  mixture 
of  alcohol  and  ether ;  dinUroc.diului  or  i)iir<ixiilm  is  soluble,  the 
solution  forming  ordinary  collodion  {Collodium ^  U.  S.  P.).  The 
official  proportions  are  4  parts  of  pyroxylin  dissolved  in  a  mixture 
of  70  of  stronger  ether  and  26  of  alcohol.  After  digesting  for  a  few 
days  the  liquid  is  decanted  from  any  insoluble  matter  and  preserved 
in  a  well-corked  bottle.  It  is  "  a  colorless,  highly  inflammable  liquid 
with  ethereal  odor,  which  dries  rapidly  upon  exposure  to  the  air, 
and  leaves  a  thin,  transparent  film  insoluble  in  water  or  rectified 
spirit."  Flexible  collodion  (CuUodium  Flexile,  U.  S.  P.)  is  a  mixture 
of  collodion  (92  parts),  Canada  turpentine,  {5  parts),  and  castor  oil 
(3  parts).  A  Styptic  Collodion  {Cullodiuiii  Stypticum)  is  also  official. 


QUESTIONS  AND  EXERCISES. 

709.  How  is  wheat-starch  or  potato-starch  isolated^ 

710.  Define  gluten  and  glutin. 

711.  Enumerate  the  proximate  principles  of  wheaten  flour. 

712.  Is  st.irch  soluble  in  water? 

713.  Which  is  the  best  chemical  test  for  starch? 

714.  Distinguish  physically  between  the  varieties  of  starch. 

715.  Into  what  compound  is  starch  converted  by  heat? 

716.  What  occurs  when  a  mixture  of  starch  and  water  is  allowed 
to  flow  into  hot  diluted  sulphuric  acid? 

717.  If  equal  amounts  of  starch  and  water  be  heated,  one  coutam- 
irig  a  small  quantity  of  ground  malt,  what  effects  ensue? 

718.  Write  a  short  article  on  the  chemistry  of  "  malting." 

719.  What  is  the  nature  of  gum-arabic,  and  how  is  it  distinguished 
from  "British  Gum"? 

720.  Explain  isnnierism,  giving  several  illustrations. 

721.  Give  examples  of  polymeric  bodies. 

722.  State  the  formula  of  a  body  metameric  with  urea. 

723.  Define  allotrupy  anA  polijninrpliism,  giving  illustrations. 

724.  AVhat  form  of  cellulin  is  official? 

72,5.  Mention  the  properties  of  the  products  of  the  action  of  nitric 
acids  of  various  strengths  on  cellulin. 
726.  How  is  pyroxylin  prepared? 


SUGARS. 

Sucrose,  or  cane-sugar,  Ci-^H.^.O,,.  Maltose,  CnH^.Ou.  L«vu- 
lose,  or  inverted  sugar,  C„H,.,06.  Dextrose,  glucose,  or  grape- 
sugar,  C6H,;iOc,H.,0.  Lactose,  or  milk-sugar,  Ci.jH.,.,Oii,- 
H.,0. 

Artificial  Formation  of  Grapc-swjur  from  Cane-sugar — Tests 
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for  Swjnr. — Dissolve  a  grain  or  two  of  common  cane-sugar  in 
water.  To  a  portion  of  this  solution  placed  in  a  test-tube  add 
more  water,  two  or  three  drops  of  solution  of  sulphate  of 
copper,  a  considerable  quantity  of  solution  of  potash  or  soda 
(enough  to  turn  the  color  of  the  liquid  from  a  light  to  a  dark 
blue),  and  heat  the  mixture  to  the  boiling-point ;  no  obvious 
immediate  change  occurs.  To  another  portion  of  the  syrup 
add  a  drop  of  sulphuric  acid,  and  boil  for  ten  or  twenty  minutes, 
then  add  the  copper  solution  and  alkali,  and  heat  as  before ;  a 
yellowish-red  precipitate  of  cuprous  oxide  (Cu-^O)  falls.  This 
test  is  exceedingly  delicate. 

The  above  reaction  is  duo  to  the  conversion  of  the  nane-.iur/ar 
(C,._,ILjO,i)  into  inverted  sugar,  or  Icemdose,  Cgllj^O^  (so  called  because 
its  solution  causes  left-handed  rotation  of  a  ray  of  polarized  light, 
cane-sugar  having  an  opposite  effect),  and  grapc-sngar,  CbITjjOb,  11.^0, 
hy  the  influence  of  the  sulphuric  acid,  and  to  the  reducing  action  of 
the  inverted  sugar  on  the  cupric  solution.  The  formation  of  a  pre- 
cipitate immediately,  without  the  action  of  acid,  shows  the  presence 
of  the  latter  sugars — its  formation  only  after  ebullition  with  acid  in- 
dicating, in  the  absence  of  starch  or  dextrin,  cane-sugar.  In  this 
reduction  process  the  sugar  is  oxidized  and  broken  up  into  several 
substances,  but  the  exact  nature  of  the  reaction  has  not  been  ascer- 
tained. 

Dextrin  also  reduces  the  copper  salt  to  suboxide,  unless  its  solu- 
tion is  cold  and  very  dilute.  It  does  not,  however,  so  act  on  a  solution 
of  cupric  acetate  acidified  with  acetic  acid,  while  glucose  produces 
with  this  Ii(|uid  the  usual  red  cuprous  precipitate  (Barfoed). 

Cam-sugar,  or  sucrose  {Sacc/)aruvi,  U.  S.  P.),  is  a  frequent  con- 
stituent of  vegetable  juices.  Thus  it  forms  the  chief  portion  of 
cassia-pulp  (Cassia  Fistula,  U.  S.  P.),  is  contained  in  the  carrot  and 
turnip,  but  is  most  plentiful  in  the  sufiar-cane  ;  much,  however,  is 
now  ol)taincd  from  the  sugar-maple  and  beet-root.  On  the  evapora- 
tion of  the  juice  common  brown  or  tnoisf  sugar  crystallizes  out ;  this, 
l)y  rc-solution,  filtration  through  animal  charcoal,  evaporation  to  a 
stronff  syrup,  and  crystallization  in  moulds,  yields  the  compact 
crystalline  conical  loaves  known  in  trade  as  loaf-svgar.  From  a 
slightly  less  strong  syrup,  slowly  cooled,  the  crystals  termed  sugar 
(•(indg  are  deposited,  white  or  colored  according  to  the  color  of  the 
syrup. 

Maltose,  C'c^II^.O,,. — This  crystallizable  sugar  is  formed,  together 
with  dextrin,  when  diastase  or  dilute  acids  act  upon  starch.  In  the 
case  of  diastase  it  is  the  ultinnito  product,  but  the  dilute  acids  may 
convert  it  into  dextrose.  It  reduces  cupric  salts,  hut  to  a  less  extent 
than  dextrose.    It  difTcM-a  also  from  dextrose  in  its  optical  nctivity. 

Inrerti'd  Sugar,  or  Lrnrnfose,  is  uncrystallizahle.  It  is  found  in  the 
frrape,  ti^  (Firus,  U.  S.  1'.)  cherry,  and  gooseberry;  ])oth  f;rape- 
suirar  and  fVuit-su<;ar  in  the  strawberry,  peach,  plum,  etc.  Fruit- 
su^Tiir  reduces  cupric  salts  and  ammonio-nitrate  of  silver. 

Grape-sugar,  glucose  (from  y'^vKvr,  glucus,  sweet),  or  dextrose,  is 
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often  seen  in  the  crystallized  state  in  dried  grapes  or  raisins  and 
other  fruits ;  it  is  also  the  variety  of  siiji;ar  met  with  in  diabetic  urine. 
Its  crystalline  character  is  quite  distinct  from  that  of  cane-sugar,  the 
latter  forming  large  four-  or  six-sided  rhomboidal  prisms,  while 
■  grape-sugar  occurs  in  masses  of  small  cubes  or  square  phites.  (irape- 
sugar  is  also  less  soluble  in  water,  but  more  soluble  in  alcohol,  tiian 
cane-sugar.  Grape-sugar  reduces  cupi'ic  salts  and  ammonio-nitrate 
of  silver. 

According  to  Fresenius,  the  percentage  proportion  of  saccharine 
matter  in  the  dried  fig  is  60  to  70,  grape  10  to  20,  cherry  11,  mul- 
berry 9,  currant  6,  whortleberry  6,  strawberry  6,  raspberry  4  {liubus 
Idaius,  U.  S.  P.). 

Loevulosc  is  laevogyrate,  while  sucrose  and  glucose  possess  right- 
handed  rotation ;  the  latter  twist  a  ray  of  polarized  light  from  left 
to  right  to  an  extent  dependent  on  the  amount  of  sugar  present^a 
fact  easy  of  application  in  estimating  the  amount  of  sugar  in  syrups 
or  in  diabetic  urine. 

Cane-sugar,  maltose,  and  grape-sugar  yield  alcohol  and  carbonic 
acid  gas  hy  fermentation,  the  cane-sugar  proliably  always  passing 
into  grape-sugar  before  the  production  of  alcohol  commences. 

CoTIijOfl    =    20,1X5110    -I-  200, 

Grape-sugar.  Alcohol.  Carbonic 

acid  gas. 

In  hreacl-makiiig  some  of  the  starch  is  converted  into  dextrin,  and 
this  into  sugar  by  the  ferment.  The  above  action  then  goes  on,  the 
liberation  of  gas  producing  the  rising  or  swelling  of  the  mixture  of 
flour,  water,  and  yeast  (dough),  the  temperature  to  which  the  mass 
is  sulDjected  in  the  oven  causing  escape  of  most  of  the  alcohol,  and 
further  expansion  of  the  babbles  of  carbonic  acid  gas  in  every  part 
of  the  now  spongy  loaf.  The  carbonic  acid  gas  gradually  evolved 
when  flour  is  worked  up  for  bread  M'ith  a  mixture  of  dry  bicarbonate 
of  sodium  and  tartaric  acid  (best  preserved  by  previous  admixture 
with  dried  flour  and  a  little  carbonate  of  magnesium,  baUiig-powder) 
exerts  similar  influence.  The  least  objectionable  method  of  inti'O- 
ducing  carbonic  acid  gas,  howevev,  is  that  of  Danglish,  whose  patent 
aerated  bread  is  made  from  flour  l^y  mere  admixture  with  carbonic 
acid  water  under  pressure.  On  removal  from  the  cylinder  the  re- 
sulting dough  expands  by  the  natural  elasticity  of  the  imprisoned 
carbonic  acid,  and  the  bake-oven  completes  the  process.  The  crumb 
of  bread  is  official  in  Great  Britain  {3Iica  Pain's,  B.  P.). 

Milk-sugar,  or  lactose  (C,.,ll2,0,,_,)  {Sacchartim  Lacfis,  TJ.  S.  P.), 
the  sweet  principle  of  the  milk  of  various  animals,  is  not  susceptible 
of  alcoholic  or  vinous  fermentation,  but  it  reseml)les  grape-sugar  in 
reducing  an  alkaline  solution  of  copper  with  precipitation  of  subox- 
ide. It  is  readily  obtained  from  milk  by  adding  a  few  drops  of  acid, 
stirring,  setting  aside  for  the  curds  to  separate,  filtering,  evaporating 
the  wheg  to  a  small  bulk,  filtering  again  if  necessary,  and  allowing 
to  cool  and  crystallize.  It  usually  occurs  in  trade  "  in  cylindrical 
masses  two  inches  in  diametei-,  with  a  cord  or  stick  in  the  axis,  or 
in  fragments  of  cakes — grayish-white,  crystalline  on  the  surface  and 
in  its  texture,  translucent)  kard,  scentless,  faintly  sweet,  gritty  when 
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chewed."  It  is  solulilo  in  G  parts  of  cold  and  3  of  boiling  water; 
slightly  soluble  in  alcohol ;  insoluble  in  ether.  Powdered  milk- 
sugar  is  used  in  pharmacy  as  a  vehicle  for  potent  solid  medicines. 
jMilk-sugar  is  convertible,  by  the  action  of  dikite  acids,  into  "galac- 
tose" and  "  lactoglucose these  may  be  reunited  to  form  milk-sugar. 
'"Milk-sugar,  when  sprinkled  upon  5  parts  of  sulphuric  acid,  should 
acquire  not  more  than  a  greenisli  or  reddish,  but  no  brown  or  Ijlack- 
isli-brown,  color  within  one  hour  (abs.  of  cane-sugar)." — U.  S.  P. 

Action  of  AUvdli  o)i  Sugar. — To  a  little  solution  of  grape- 
sugar  add  solution  of  potash  or  soda,  or  solution  of  carbonate 
of  potassium,  and  warm  the  mixture;  the  liquid  is  darkened 
in  color  from  amber  to  brown,  according  to  the  amount  of 
sugar  present. 

Tests. — The  copper  reaction,  the  fermentation  process,  and  the 
effect  of  alkalies  form  thi-ee  good  tests  of  the  presence  of  grape- 
sugar,  and,  indirectly,  of  cane-sugar.  A  piece  of  merino  or  other 
woollen  material,  previously  dipped  in  a  solution  of  stannic  chloride 
and  dried,  becomes  of  a  brown  or  black  color  when  dipped  in  a  solu- 
tion of  glucose  and  heated  to  about  30U°  F.  by  holding  before  a  fire. 

Sugar  from  Starch. — Boil  the  starch  with  a  little  water  and 
a  drop  of  sulphuric  acid  as  for  dextrin,  but  continue  the  ebulli- 
tion for  several  minutes  ;  on  testing  a  portion  of  the  cooled 
liquid  with  iodine  and  another  portion  with  the  heated  alkaline 
solution  of  a  copper  salt  as  described  on  page  411,  It  will  be 
found  that  the  starch  has  nearly  all  become  converted  into  a 
sugar — dextrose.  Maltose  is  also  formed,  at  first,  but  by  the 
continued  action  of  the  acid  is  changed  to  dextrose.  When 
made  on  a  large  scale,  a  warm  (131°  F.)  mixture  of  starch 
and  water  of  the  consistence  of  cream  is  slowly  poured  into  a 
boiling  solution  of  one  part  of  sulphuric  acid  in  one  hundred  of 
water,  the  whole  boiled  for  some  time,  the  acid  neutralized  by 
chalk,  the  mixture  filtered,  the  liquid  evaporated  to  a  thick 
syrup  and  set  aside ;  in  a  few  days  it  crystallizes  to  a  granular 
mass  resembling  honey.  In  this  operation  a  small  quantity  of 
dextrin  remains  with  the  glucose,  but  if  the  process  be  con- 
ducted under  pressure,  conversion,  according  to  Manbre,  is 
complete.  Sugar  made  from  the  starch  of  rice,  maize,  etc.  is 
now  largely  used  for  table  syrups,  confectioneries,  bee-food, 
and  as  a  partial  substitute  for  malt  irt  brewing.  It  is  known 
o.n]mte)it  sugar,  saccharine,  dextrin-maltose,  etc.  In  the  United 
States  dealers  commonly  term  the  thick  syrup  glucose,  and  the 
further  evaporated,  solid  product  grape-sugar. 

The  sugar  in  fresh  fruits  is  mainly  cane-sugar,  but  by  the  action 
of  the  acid,  or  possibly  of  a  ferment  in  the  juice,  it  is  gradually  con- 
verted into  inverted  .iiii/ur,  a  variety  dillering  from  (;ane-sugar  in 
35  » 
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being  uncrystalli/.able,  and  5n  havinn;  an  inverted  or  opposite  inilu- 
ence  on  polurized  li^lit,  twi.stinfi;  the  ray  from  right  to  left  (laevo- 
gyrate,  having  laevo-rotation,  lience  sometimes  termed  Icevulose). 
Ripe  Hips  {Ros(ii  Cuniiue  Frndiis,  B.  P.)  contain  '60  per  cent,  of 
sucli  sugar,  Ijcsides  gum  and  acid  malatos  and  citrates.  Fruit>sugar, 
as  gathered  in  the  form  of  syrup  by  bees,  is  probalily  a  mixture  of 
these  two  varieties.  It  is  gradually  altered  to  a  crystalline  or  gran- 
ular mass  of  grape-sugar,  as  seen  in  dried  fruits,  such  as  Raisins 
Uoce,  B.  P  )  and  the  Prune  {Pruii,ii7n,  U.  S.  P.),  and  in  solidified  honey 
Mel,  B.  P.  and  U.  S.  P.).  This,  the  common  form  of  grape-sugar,  is 
dextrogyrate,  and  hence  is  sometimes  termed  dextrose,  to  distinguish 
it  from  laevulose.  Diluted  with  twice  its  Aveight  of  water,  it  yield.s 
a  liquid  having  a  sp.  gr.  1.101  to  1.115.  "If  1  part  of  honey  be 
dissolved  in  4  parts  of  water,  a  clear  solution  should  result,  which 
should  not  be  rendered  more  than  faintly  opalescent  by  a  few  drops 
of  test-solution  of  nitrate  of  silver  (chloride)  or  of  nitrate  of  barium 
(sulphate).  If  a  small  portion  of  honey  be  diluted  with  1  volume  of 
water  and  then  gradually  mixed  with  5  volumes  of  absolute  alcohol, 
it  should  not  become  more  than  faintly  opalescent,  and  should  neither 
become  opaque  nor  deposit  a  slimy  substance  at  the  bottom  and  along 
the  sides  of  the  test-tube.  When  incinerated  in  small  portions  at  a 
time  in  a  platinum  cruci))le,  it  should  not  leave  more  than  0.2  per 
cent,  of  ash  (any  larger  percentage  of  ash  and  failure  to  respond  to 
the  preceding  tests  indicating  the  presence  of  glucose  or  other  for- 
eign admixtures).  Water  boiled  with  honey,  and  allowed  to  cool, 
should  not  be  rendered  blue  or  green  on  the  addition  of  test-solution 
of  iodine  (abs.  of  starch) '" — U.  S.  P.  Honey  often  contains  pollen, 
hairs,  spores,  the  dust  and  dirt  from  the  flowers,  and  various  floccu- 
lent  matters  which  cause  it  to  ferment  and  yield  mannite(Stoddart), 
alcohol,  and  acetic  acid;  hence  for  use  in  medicine  it  {Mel  Despuma- 
tum,  U.  S.  P.)  should  be  clarified  by  melting  and  straining,  while  hot, 
through  flannel  previously  moistened  with  warm  w.ater.  A  mixture 
of  clarified  honey  80  per  cent.,  acetic  acid  10  per  cent.,  and  water  10 
per  cent,  is  official  under  the  name  of  Oxymel  (from  o^vq,  oxits,  acid, 
and  //fA/,  honey).  A  similar  mixture  of  honey  with  acetic  acid  con- 
taining the  soluble  portions  of  squill-bulbs  (Scilla,  U.  S.  P.)  is  known 
as  Oxymel  of  Squill  {Oxijmel  Scillce,  B.  P.).  Honey  or  sugar-cane 
are  the  bases  of  the  official  Con/'edions. 

"  Honey  Dew^^  is  a  viscid  saccharine  matter  occasionally  met  witli 
on  the  leaves  of  the  lime,  maple,  black  alder,  rose,  and  other  trees. 
Sometimes  it  is  sufficiently  abundant  to  dry  and  fall  on  the  ground, 
forming  a  veritable  "  shower  of  manna."  It  is  a  mixture  of  cane- 
sugar,  inverted  sugar,  and  dextrin. 

Barleys II gar  is  made  by  simply  heating  cane-sugar  till  it  fuses,  a 
change  from  the  crystalline  to  the  uncrystallizablc  condition  occur- 
ring. Treade  {Thtriaca,  B.  P.),  Molasses,  or  Melasses  (from  Mel, 
honey),  chiefly  results  from  the  application  of  too  much  heat  in 
evaporating  the  syrups  of  the  sugar-cane ;  it  is  a  mixture  of  cane- 
sugar  with  uncrystallizablc  sugar  and  coloring-matter.  Liquorice- 
root  {Glyeyrrhizcc  Radix,  B.  P.)  contains  a  considerable  quantity  of 
uncrystallizablc  sugar. 
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Caramel. — Carefully  heat  a  grain  or  two  of  sugar  in  a  test- 
tube  until  it  blackens ;  the  product  is  caramel  or  burnt  sugar 
(the  Saccharum  Ustum  of  pharmacy).  It  is  used  as  a  coloring 
agent  for  gravies,  confectioneries,  spirits,  and  similar  materials. 

Mannite  (CgHnOc). — Boil  manna  with  alcohol,  filter,  and 
set  aside ;  mannite  separates  in  colorless  shining  crystals  or 
acicular  masses  to  the  extent  of  from  60  to  80  per  cent,  of 
the  manna. 

Maima,  U.  S.  P.,  is  a  concrete  saccharine  exudation  from  the  stem 
of  Fraxinus  orniis  and  rotundijolia ;  it  is  obtained  by  malting 
incisions  in  the  stem  of  the  trees.  It  occurs  in  "  stalactiform  pieces 
from  one  to  six  inches  in  length  and  one  or  two  inches  in  width, 
uneven,  porous  and  friable,  curved  on  one  side,  of  a  yellowish-white 
color,  with  a  faintly  nauseous  odor  and  a  sweetish  taste."  Sp.  gr. 
0.834.  Mannite  is  also  met  with  in  celery,  onions,  asparagus,  cer- 
tain fungi,  and  sea-weeds,  occurs  in  the  exudations  of  apple  and  pear 
trees,  and  is  produced  during  the  vinous  fermentation  of  .sugar. 

Mannite  is  an  alcohol,  the  radical  of  which  is  sexivalent  (CgHg)"'- 
6II0  (Wanklyn).  It  is  closely  related  to  the  sugars,  glucose  becom- 
ing mannite  by  action  of  nascent  hydrogen  : — 

C«H,p«    -f-    II,   =  C„II,,0«. 

Glucose.         Hydrogen.  Mannite. 

Indeed,  glucose  itself  is  probably  an  alcohol  of  another  radical 
(CgIIg)^'6H0.  Mannite  does  not  undergo  vinous  fermentation  in 
contact  with  yeast.  It  is  soluble  in  5  times  its  weight  of  cold 
water. 

Made  Acid  (HjCgHsOg)  and  Saccharic  Acid  (II.^CglTgOg)  are  two 
isomeric  bodies  formeil  l)y  the  action  of  dilute  nitric  acid  on  certain 
sugars,  gum,  mannite,  etc. 


QUESTIONS  AND  EXERCISES. 

727.  How  are  cane-sugar  and  gi-ape-sugar  analytically  distin- 
guished ? 

728.  Describe  the  methods  of  extracting  and  purifying  cane-sugar. 

729.  Mention  the  chief  sources  of  cane-sugar. 

730.  (jive  chemical  explanations  of  the  different  processes  of 
broad-making. 

731.  How  is  milk-sugar  obtained,  and  in  what  respects  docs  it 
differ  from  other  sugar? 

732.  By  what  process  may  starch  be  entirely  converted  into  sugar? 

733.  What  is  the  difference  between  fruit-sugar  and  honey? 

734.  What  is  O.xymcd  ? 

73.5.  Describe  the  effect  of  heat  on  cane-sugar. 

736.  Describe  the  source  and  character  of  manna. 

737.  (live  the  latest  view  of  the  constitution  of  mannite. 

738.  Whence  are  nuKiic  and  saccharic  acids  obtained? 
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THE  GLUCOSIDES. 

Source. — The  glucosides  arc  certain  proximate  vegetable  principles 
which,  by  ebullition  with  dilute  acid  or  otiier  method  of  decomposi- 
tion, take  up  the  elements  of  water  and  yield  glucose,  accompanied 
by  a  second  substance,  which  differs  in  each  case  according  to  the 
body  operated  on.  Several  of  the  glucosides  which  are  of  pharma- 
ceutical interest  will  now  be  considered.  Tannin,  or  tannic  acid, 
is  also  a  glucoside ;  it  has  been  described  among  the  acids. 

There  are  indications  that  glucosides  may  be  regenerated  from  the 
bodies  into  which  they  are  converted  ))y  heat. 

Note  on  Noniendature. — The  first  syllable  of  the  names  of  gluco- 
sides and  neutral  principles  generally  is  commonly  given  in  allusion 
to  origin ;  the  last  syllable  is  in,  which  sufficiently  distinguishes 
them  as  a  class. 

Amygdalin  (C2oH^,NO,i,3H.,0). — This  body,  obtained  by 
Robiquet  and  Boutron-Charlard  in  1830,  was  the  first  dis- 
covered glucoside  (Liebig  and  Wbhler,  1837).  It  is  a  white 
crystalline  substance  existing  in  the  bitter  (^Amygdala  Amara, 
U.  S.  P.)  but  not  in  the  sweet  almond  (^Amygdala  Dulcis, 
U.  S.  P.).  About  2  per  cent,  is  readily  extracted  by  strong  alco- 
hol from  the  cake  left  when  the  fixed  oil  has  been  expressed 
from  bitter  almonds.  From  the  concentrated  alcoholic  solution 
ether  precipitates  the  amgydalin. 

Make  an  emulsion  of  two  or  three  sweet  almonds  by  bruising 
and  rubbing  them  with  water,  and  notice  that  it  has  no  odor  of 
essential  oil  of  bitter  almonds  :  add  a  grain  or  two  of  amyg- 
dalin, an  odor  of  essential  oil  of  bitter  almonds  is  at  once  de- 
veloped. Bruise  two  or  three  bitter  almonds  and  rub  with 
water ;  the  volatile  oil  is  again  developed  ( Oleum  Amygdulse, 
Amarse,  U.  S.  P.).    Sp.  gr.  1.060  to  1.070. 

Bitter  Almond-imter  (^Aqwi  Amygdalx  Amarse,  U.  S.  P.)  is 
made  by  filtering  a  mixture  of  1  part  of  the  oil  with  999  parts 
of  distilled  water. 

The  source  of  the  hydride  of  benzoyl,  or  essential  oil  of  bitter 
almonds,  in  these  reactions  is  the  amygdalin,  which,  under  the 
influence  of  synaj)tnse  or  emulsin,  a  nitrogenous  casein-like  ferment 
existing  in  both  bitter  and  sweet  almonds,  splits  up  into  the  essential 
oil,  hydrocyanic  acid,  and  glucose : — 

C^oH^NOii  4-  211,0  =  C.II.OII  -f  IICN  +  2C„H,jOe 

Aiuygdaliu.  Water.         llydi  ifle  of      Hj'drocy-  Glucose. 

benzoyl.       anic  acid. 

As  each  molecule  of  amygdalin  yields  one  of  hydrocyanic  acid,  a 
simple  calculation  shows  that  17  grains  (mixed  with  emulsion  of 
sweet  almonds)  will  be  required  to  form  one  grain  of  real  hydro- 
cyanic acid,  a  quantity  equivalent  to  50  minims  of  the  dilute  hydro- 
cyanic acid  of  the  British  Pharmacopoeia,  The  hj'drocj'anic  acid  is 
pro1)ably  in  chemical  combination  with  the  oil. 

Test. — The  reaction  between  .><ynaptasc  and  amygdalin  is  applica- 
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hie  iis  a  tost  of  the  presence  of  one  by  tlio  addition  of  the  other,  even 
when  mixed  with  much  organic  matter. 

Jaeobficn  obtains  benzaldehyd  from  benzodichloride  (dichloro- 
methylbenzol,  CgllsCIICl.J,  one  of  the  dichlorotoluenes,  by  heating 
with  i!!;iacial  acetic  acid,  chloride  of  zinc,  and  a  little  water. 

Cherry-Laurel  Water  {Aqua  Laurocerasi,  B.  P.,  by  distillation 
with  water  from  Laurocerasi  Folia,  B.  P.)  contains  hydrocyanic 
acid  derived  from  a  reaction  similar  to,  indeed  probably  identical 
with,  that  just  described,  for  bitter-almond  oil  is  simultaneously 
produced.  But  the  proportion  of  amygdalin  or  analogous  body  in 
cherry-laurel  leaves  is  most  variable ;  hence  the  strength  of  the 
water  is  highly  uncertain.  It  should  contain  perhaps  two  to  four 
pai"ts  of  hydrocyanic  acid  in  ten  thousand. 

Frunus  Virginiuna,  U.  S.  P.,  the  bark  of  Frunus  serotina  or 
Cerasus  scrofina,  the  Wild  Black  Cherry  Bark,  also  furnishes  by 
distillation  an  essential  oil  and  hydrocyanic  acid  ;  quince-seeds  also 
{Ci/donia  vulgaris).    The  Wild  Black  Cherry  contains  amygdalin. 

Cauliun. — Essential  oil  of  almonds  is  of  course  highly  poisonous. 
The  purified  oil  or  hydrate  of  benzoyl  is  almost  innocuous ;  it  is 
obtained  on  distilling  the  crude  oil  wath  milk  of  lime  and  ferrous 
chloride,  and  thoroughly  drying  the  product  by  shaking  with  fused 
chloride  of  calcium.  Sp.  gr.  1.043  to  1.049.  The  so-called  "  arti- 
ficial oil  of  bitter  almonds  "  or  nitrobenzol  (CgH5(N02)),  when  taken 
in  quantity,  has  been  known  to  produce  death.  The  presence  of 
nitrobenzol  in  oil  of  bitter  almonds  is  detected  by  adding  a  little  of 
the  oil  to  a  mixture  of  zinc  and  diluted  sulphuric  acid,  shaking  well, 
setting  aside  for  an  hour  or  two,  filtering  off  the  clear  liquid,  and 
adding  a  little  chlorate  of  potassium  a  violet  color  (actual  mauve) 
is  ])roduced.  Or  the  specimen- may  be  shaken  with  bisulphide  of 
sodium  to  fix  the  essential  oil,  and  then  with  ether,  which  dissolves 
out,  and  on  evaporation  will  yield  the  nitrobenzol. 

Arbutix  (C'„ri320j4,IT20)  is  contained  in  leaves  of  Ardostaphylos 
uva-ursi  and  Chimaphi/a  umbellata  (ChimajMla,  U.  S.  P.,  or  Fip- 
sissewa).  It  is  a  bitter  neutral  body  occurring  in  acicular  crystals, 
and  resolvable  by  acids  into  /ii/droqiiinon.e  (C,;ll„0.^)  and  glucose,  and 
by  gentle  oxidation  into  quinone  (C'fiH^Oj)  and  formic  acid.  Ericolin 
(Cj^HjgOji)  is  another  bitter  glucosidc  in  bearberry  leaves. 

Brvo\i\  (C'lslIggOij,,  Walz). — The  colorless,  bitter,  indistinctly 
crystalline  principle  of  Bryony  {Bri/onia,  U.  S.  P.,  the  root  of  Bry- 
onia allia  and  Bryonia  dioica). 

Cathartic  Acid. — "  The  glucosido  acid  that  now  is  known  to 
confer  on  the  Senna  of  Alexandria  (from  Cassia  aculifolia)  and  of 
India  (from  Cassia  elotu/ata)  (Senna,  U.  S.  P.)  its  purgative  i)rop- 
erty  has  been  named  by  its  discoverers  (Dragendorfl"  .and  Kubly) 
carthartic  acid.  Its  formula  has  been  stated  as  C,8olI,,|2N,,SOg2, 
which,  if  true,  accounts  for  its  extreme  stability.  It  is  insoluble 
in  water,  strong  alcohol,  and  (ither,  })ut  entcsrs  readily  into  watery 
solution  when  coml)ined  with  alkaline;  and  (!arthy  bases,  in  which 
state  it  exists  in  senna.  Its  ammonium  salts  give  brownish  (locc^u- 
lent  precipitates  with  salts  of  silvcu',  tin,  mercury,  copper,  and  lead. 
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Antimonial  salts,  tannin,  yellow  and  red  prussiatcs  have  no  effect 
upon  it.  Alkalies,  aided  hy  heat,  act  destructivcdy  upon  it.  Boilcid 
with  a  mineral  acid,  it  splits  into  a  peculiar  kind  of  ghicose  and  an 
acid  that  has  been  named  Cathartogenic ;  its  formula  is  said  to  be 
^is'z^IiieN^i'^^u-  "The  natural  cathartate  occurring  in  senna  is  pre- 
pared by  partially  precipitating  by  strong  spirit  a  water  infusion  of 
senna,  concentrated  to  a  syrupy  state  by  evaporation  in  vacuo.  The 
filtrate  is  now  treated  with  a  much  larger  );alk  of  absolute  alcohol, 
and  the  precipitate  thus  obtained  is  purified  by  repeated  solution  in 
water  and  precipitation  by  alcohol.  To  obtain  the  pure  acid,  ad- 
vantage is  taken  of  its  colloidal  properties ;  the  crude  cathartate  is 
dissolved  in  moderately  strong  hydrochloric  acid,  and  subjected  to 
dialysis  on  a  diaphragm  of  parchment-paper.  The  minimum  dose 
of  this  pure  acid  was  found  to  be  about  Ij  grains,  which  caused 
several  stools  with  decided  griping. 

"  The  cathartic  combinations  that  I  have  made  are  the  cathartate 
of  ammonium,  prepared  from  cathartate  of  lead  by  my  original  pro- 
cess, and  the  mixed  cathartates,  prepared  according  to  DragendorfTs 
method  as  modified  by  myself  Of  the  former  nearly  pure  salt  I 
have  found  3J  grains  to  purge  fairly  as  to  amount,  but  slowly  as 
to  time,  and  with  considerable  griping.  Of  the  latter,  7J  grains 
purged  violently  with  much  griping  and  sickness,  which  continued 
through  the  greater  part  of  the  day.  It  oljviously  would  be  im- 
proper to  combine  senna  with  any  of  its  metallic  precipitants,  should 
such  be  desired,  which  is  not  likely.  It  is  here  satisfactory  to  observe 
that  the  cathartate  of  magnesium  is  soluble,  and  that  the  old-fash- 
ioned black  draught  agrees  with  new-fashioned  science"  (Groves). 

Biickthorii-Jiiice  [Rhamiii  Succiis,  B.  P.)  owes  its  cathartic  prop- 
erties to  a  substance  apparently  identical  with  cathartic  acid.  Pos- 
sibly the  purgative  properties  of  the  bark  of  the  Rliamaus  frangiila 
{Frangida,  U.  S.  P.),  Black  alder,  Buckthorn,  also,  are  due  to  ca- 
thartic acid. 

CoLOCYNTHiN  (CgeH8^023 ?). — Tliis  substance  is  the  active  bitter 
and  purgative  principle  of  colocy nth-fruit  [Colocynthis,  U.  S.  P.); 
it  is  soluble  in  water  and  alcohol,  but  not  in  ether.  By  ebullition 
with  acids  it  furnishes  glucose  and  a  resinoid  body. 

CoNVOLvuLiN.    See  Jalapin. 

CoToiN  (CjjHisOe)  appears  to  be  the  chief  active  principle  of 
Coto-bark,  a  Bolivian  remedy  for  diarrhoea. 

Daphnin  (CjiHgiOia)  is  the  crystalline  glucoside  of  the  bark 
of  Daphne  mezereum  (^Mezerei  Cortex,  B.  P.).  Boiled  with  di- 
lute acids,  it  yields  dnphnctin  (C,,|H,409)  and  glucose.  The 
acrid  principle  of  mezereou  is  resinoid. 

DiGiTALiN  (C27H430,5,  Kosman  ;  CsHgOi,  Schmiedeberg). — 
This  is  an  active  principle  of  the  Foxglove  {Dnjitalix,  U.  S.  P.). 
Boil  a  grain  of  digitalin  (DigitdHnum,  B.  P.)  with  sulphuric 
acid  for  some  time ;  flocks  of  dujitaUrctin  (CisH-ijOs)  separate, 
and  glucose  may  be  detected  in  the  liquid. 
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C,,H,,0,5  +  21-1,0  =  CAO,  +  2CJ-I,A 

Uigituliii.  Wator.         Digitaliiotiii.  Glucose. 

Properties. — Digitalin  oci'ui-s  "  in  porous  mammillated  masses  or 
small  scales,  white,  inotlorous,  and  intensely  liitter,  readily  soluble 
in  spirit,  but  almost  insoluble  in  water  and  in  pure  etiier,  dissolves 
in  acids,  but  does  not  form  with  them  neutral  compounds;  its  solu- 
tion in  hydrochloric  acid  is  of  a  faint-yellow  color,  but  rapidly  be- 
comes green.  It  leaves  no  residue  when  burned  with  free  access  of 
air.  It  powerfully  irritates  the  nostrils,  and  is  an  active  poison." 
According  to  Pettenkofer,  an  intense  red  color  is  produced  if  a  trace 
of  digitalin  dissolved  in  water  is  mixed  with  a  weak  aqueous  solu- 
tion of  inspissated  bile,  and  sufficient  oil  of  vitriol  added  to  raise 
the  temperature  to  158°  F.  Moistened  with  sulphuric  acid  and 
the  liquid  exposed  to  the  vapor  of  bromine,  a  violet  color  is  pro- 
duced. 

Process. — The  process  for  the  preparation  of  digitalin  consists  in 
dissolving  the  glucoside  out  of  the  digitalis-leaf  by  alcohol,  remov- 
ing the  alcohol  by  distillation,  dissolving  the  residue  in  water  by 
the  help  of  a  small  quantity  of  acetic  acid,  removing  much  of  the 
color  from  the  solution  by  animal  charcoal,  neutralizing  most  of  the 
acetic  acid  by  ammonia,  precipitating  the  digitalin  by  tannic  acid 
(with  which  it  forms  an  insoluble  compound),  washing  the  pre- 
cipitate, rubbing  and  heating  it  with  spirit  and  oxide  of  lead 
(which  removes  the  acid  in  the  form  of  insoluble  tannate  of  lead), 
again  decolorizing  by  animal  charcoal,  evaporating  to  dryness,  wash- 
ing out  impurities  still  remaining  by  ether,  and  di-ying  the  residual 
digitalin.    In  this  form  digitalin  is  uncrj'stallizable. 

Pure  Digifalin  (?) — On  treating  commercial  digitalin  wnth  chlo- 
roform only  an  inert  sulxstancc  remains  undissolved.  The  solution 
yields  pure  digitalin  on  evaporation  ;  it  may  be  crystallized  from 
spirit  in  radiating  needles  (Nativelle).  The  therapeutic  effect  of 
the  pure  substance  is  identical  with  the  preparations  of  digitalis, 
but,  as  might  be  expected,  more  constant  in  its  action,  and  of 
course  intensely  powerful.  Digifoxin  (CgJI^.jO,)  is  a  highly  poi- 
sonous substance  extracted  from  Foxglove  by  Schmeideberg.  The 
same  chemist  regards  commercial  digitalin  from  Foxglove-seeds 
as  composed  of  three  glucosides — namely,  pure  Digitalin  (CjITgO.^), 
Uigiloiun  {^u^^iS^iT)i  closely  allied  to  saponin,  and  Digitalein. 

Elatertn  (C.2jJ-iH0^). — Boil  elaterium,  the  dried  sediment 
from  the  juice  of  the  squirting  cucumber-fruit  (Ecballium 
E/aferinm),  in  a  small  quantity  of  spirit  of  wine,  and  filter; 
fibrous  and  amylaceous  matters  remain  insoluble,  while  claterin 
and  resin  are  dissolved.  The  filtrate,  concentrated  and  poured 
into  a  warm  solution  of  potash,  yields,  on  cooling,  crystals  of 
claterin,  resin  being  retained  by  the  alkali.*    It  is  purified  by 

*  "The  alcoholic  solution  should  not  be  precipitated  by  tannic  acid 
nor  by  salts  of  mercury  or  of  platinum  (abs.  of,  and  dillerence  from, 
alkaloids)."  . 
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recrystallization  from  spirit  (^Elatcrm,  U.  S.  P.).  Boil  elaterium 
in  dilute  sulphuric  acid  for  an  hour  or  two,  filter,  and  test  the 
clear  liquid  for  glucose  ;  a  reddish  precipitate  of  cuprous  oxide 
falls.  This  reaction  is  readily  obtained  with  elaterium,  but  not 
always  with  elaterin  ;  hence  probably  the  latter  is  not  a  true 
glucoside.  Walz  states  that  elaterium  also  contains  prophi-tm, 
a  true  glucoside. 

Elaterin  is  the  active  principle  of  the  so-called  elaterium.  Elate- 
rium occurs  "  in  light,  friable,  slightly-incurved  cakes,  about  one 
line  inch)  thick,  greenish-gray,  acrid  a,nd  bitter ;  fracture  finely 
granular."  Good  specimens  of  this  drug  should  yield,  accoi'ding  to 
the  British  Pharmacopoeia,  not  less  than  20  per  cent,  of  elaterin  by 
the  above  process.  Elaterium  adulterated  with  chalk  and  other 
substances  was  formerly  occasionally  met  with.  A  Trituration  of 
Elaterin  is  oflicial  {Trituratio  Elaierini).  It  is  a  mixture  of  1  part 
of  elaterin  with  9  of  sugar  of  milk. 

According  to  the  experience  of  Fliickiger  and  Hanbury,  the 
best  method  of  obtaining  elaterin  is  to  exhaust  elaterium  with 
chloroform,  and  then  to  add  ether  to  the  chloroform,  when  crys- 
talline elaterin  is  precipitated.  It  should  be  washed  with  a 
little  ether  and  crystallized  from  chloroform.  When  pure  it 
occurs  in  hexagonal  scales  or  prisms. 

Ted. — A  little  is  placed  in  a  watch-glass  with  a  drop  or  two 
of  liquefied  carbolic  acid,  and  then  two  or  three  drops  of  strong 
sulphuric  acid ;  a  carmine  color  is  developed  (Lindo). 

Gentiopicrin,  or  Gentian-bitter  (C.,oH3oO,.2),  tbe  neutral 
crystalline  principle  of  the  root  of  Genfiaua  lufea  (^Radix  Gni- 
iianse,  B.  P.).  It  is  soluble  in  water  and  weak  spirit.  Alkalies 
decompose  it.  Dilute  acids  convert  it  into  gentvigenin  and  glu- 
cose. Gentian-root  also  contains  a  variety  of  tannin  and  a 
crystalline  acid  (HCuHgOj)  termed  gentianic  or  gentisic  acid  or 
gentisin.  Fused  potash,  etc.  gives  with  the  latter  an  acid 
(CjHgOi)  which  has  also  unfortunately  been  called  gentisic 
acid. 

Glyoyrrhizin  (C24H36O9,  Gorup-Besanez).  —  Liquorice- 
root  (^Glycyrrhiza.,  U.  S.  P.)  in  addition  to  uncrystallizable sugar 
contains  a  sweet  substance,  gli/ci/rrlilzin,  which,  when  boiled 
with  hydrochloric  acid  or  dilute  sulphuric  acid,  yields  a  resi- 
noid  bitter  body,  gli/cyrrhetln.  and  an  uncrystallizable  sugar  re- 
sembling glucose.  Glycyrrhizin  is  only  slightly  soluble  in 
cold  water,  but  is  taken  up  by  diluted  alcohol  containing  a  lit- 
tle ammonia  (jExfractitm  Gli/cyrrhizae.  Flindum,  U.  S.  P.)  or  by 
ammoniacal  water.  An  infusion  in  the  latter,  evaporated  to  a' 
pilular  con.sistence,  forms  Extractum  Glj/cj/rrhizsc  Fui  um,  U.  S. 
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P.  It  is  present  in  considerable  quantity  in  the  evaporated 
decoction  (^Sticlc  Liquorice,  /Spanish  Liquorice,  or  Solazzi  Juic(i), 
The  tropical  substitute  for  liquorice  is  the  root  of  Ahrus  ^j;-e- 
(■(dorim,  or  Lidian  Liquorice  (^Ahri  Radix,  P.  I.),  which  also 
apparently  contains  glucose  and  glycyrrhizin.  Glycyrrhizin  has 
considerable  power  of  disguising  nauseous  flavoi's.  Roussin 
refers  the  sweet  taste  of  liquorice  not  to  pure  glycyrrhizin,  but 
to  a  combination  of  glycyrrhizin  with  alkalies,  and  states  that 
amraoniacal  glycyrrhizin  has  exactly  the  sweetness  of  liquoiiae- 
root.  The  formula  of  this  <ilj/q/rrliizate  of  ammonium  is  said 
by  Habermann  to  be  (NMj).,CnH6oNO,8.  Sestini  finds  that  the 
glycyrrhizin  of  liquorice-root  is  chiefly  glycyrrhizate  of  lime. 
An  Ammoniated  (llycyrrhizin  ( G'l/ci/rrliizinum  Ammoniatum, 
U.  S.  P.)  is  directed  to  be  prepared  by  precipitating  a  dilute 
ammoniacal  percolate  with  sulphuric  acid,  washing,  redissolv- 
ing  in  ammoniacal  water,  reprecipitating,  again  washing,  dis- 
solving in  solution  of  ammonia,  and  spreading  on  glass  plates 
to  dry  until  reddish-brown  scales  are  obtained. 

GrUAlAClN. — Resin  of  guaiacum  (^Guaiaci  Resiiia,  U.  S.  P.), 
an  exudation  from  the  wood  ( Guaiaci  Lignum,  U.  S.  P.)  of 
Guaiacum  officinale,  is  probably  a  mixture  of  several  sub- 
stances, among  which  are  Guaiaretic,  or  Griaiaretintc  aci'i 
(CanHjeOi)  (Hlasiwetz),  Guaiaconic  ac/t/ (CigHjoOjo)  (Hadelich), 
and  Guaiacin,  a  glucoside.  On  boiling  guaiacum  resin  with 
dilute  sulphuric  acid  for  some  time,  glucose  is  found  in  the 
liquid,  a  green  resinous  substance  (giiaiaretin)  remaining  in- 
soluble (Kosmann).  Most  oxidizing  agents,  and  even  atmo- 
spheric air,  especially  under  the  influence  of  certain  organic 
substances,  produce  a  blue,  then  green,  and  finally  a  brown 
color,  when  brought  into  contact  with  an  alcoholic  solution  of 
guaiacum  resin. 

These  eff'ects  are  said  to  be  due  to  three  stages  of  oxidation 
(Jonas).  They  may  be  observed  on  adding  the  solution  to  the 
inner  surface  of  a  paring  of  a  raw  potato. 

Helleborin  (C36H4.,Ob)  and  Helleborein  (GiJi-A^Oi^)  are 
crystalline  gluco.sides  occurring  in  the  roots  of  Black  Hellebore 
(IJeUeborus  niger),  or  Christmas  Rose,  and  Green  Hellebore 
(//.  viridii'),  ranunculaceous  herbs. 

Jalapin  (QiiHsoOin)  AND  CoNVOLVULiN  (C.nHMOir,)- — Ac- 
cording to  Keyser  and  Meyer,  jalap  resin  contains  two  distinct 
substances — convolvulin,  chiefly  obtained  from  Mexican  male 
jalap  (^Jpomoea  orizabensis),  and  jalapin,  most  largely  contained 
in  the  true  jalap  (^owifm  pnrga?);  the -former  is  soluble  in 
ether,  the  latter  insoluble.  Boil  jalap  resin  with  dilute  sul- 
30 
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phuric  acid  for  some  time,  and  filter ;  a  substance,  which  is 
probably  a  mixture  of  jdlairinol  (Gyjl-iS^i)  and  convolvuluwl 
(CibHoqOs),  separates,  and  glucose  may  be  detected  in  the  clear 
liquid.  (It  is  to  be  regretted  that  the  authors  transpose  the 
above  names,  terming  the  old  well-known  jalapin  convolvulin.) 

C„H,oOi6    +    5H,0    =    C,3H,,03    +  3C„H,A 

Jalapin.  Water.  Jalapiuol.  Glucose. 

Jala^nc  Add. — This  is  contained  in  the  portion  of  jalap 
resin  soluble  in  ether.  It  may  also  be  obtained  from  jalapin 
by  ebullition  with  alkalies  : — 

2C,,H,oO,,    +    3H.,0  = 

Jalapia.  M'ater.  Jalapic  acid. 

Jalap  resin  (^Resina  JalapBe.,  U.  S.  P.)  is  obtained  by  digest- 
ing and  percolating  jalap  tubercles  {.Talajya,  U.  S.  P.)  with  spirit 
of  wine,  distilling  off  most  of  the  spirit,  pouring  into  water, 
decanting  the  aqueous  portion,  which  contains  much  saccharine 
matter,  and  washing  and  drying  the  residual  resin.  The  tinc- 
ture is  sometimes  decolorized  by  animal  charcoal,  and  the 
evaporated  product  sold  as  "jalapin." 

Jalap  resin  is  insoluble  in  oil  of  turpentine ;  common  resin  or 
rosin,  soluble.  If  the  presence  of  the  latter  is  suspected,  the  speci- 
men should  be  powdered,  digested  in  turpentine,  the  mixture  filtered, 
and  the  filtrate  evaporated ;  no  residue,  or  not  more  than  yielded  by 
the  turpentine  itself,  should  be  obtained. 

Tampico  Jalap,  from  Ijjomoea  simulans,  yields  a  resin,  which  ap- 
parently is  chiefly  convolvulin,  but  sometimes  contains  jalapin ;  for 
a  sample  obtained  by  Hanbury  was  entirely  soluble  in  ether,  and 
another  extracted  by  Umney  Avas  almost  wholly  soluble,  while  Evans 
purified  some,  half  only  of  which  was  soluble. 

The  Kaladana  resin  or  Pharbitisin  of  India  (from  Pharhitis 
Nil,  P.  I.)  is  a  cathartic  analogous  to,  if  not  identical  with,  resin  of 
jalap. 

PiCROTOxiN  (U.  S.  P.)  is  a  crystalline  bitter  poisonous  principle 
(m/cpof,  incros,  bitter,  and  -o^uwv,  toxicon,  poison)  occurring  in  Cuc- 
ciilus  indicus,  the  dried  fruits  of  Anamirta  cocculus  {Anamiria  pan- 
iculata,  Colebrooke).  Ludwig  regarded  it  as  a  glucoside.  Barth 
and  Kretschy  state  that  the  so-called  picrotoxin  nmy  be  separated 
into  picrotoxin  proper  (CjjTIigO.II.^O),  which  is  bitter  and  poisonous; 
jncrotin  {G^^K.^^O-^^  +  ?ill,p),  which  is  bitter,  but  not  poisonous ;  and 
anamirtin  (C19II24O1Q),  which  is  neither  bitter  nor  poisonous. 

Salicin  (OisHigO,). — This  substance  (Salicimmi,  U.  S.  P.) 
is  contained  in  and  easily  extracted  from  the  bark  of  the 
willow,  Salix  alba,  and  from  other  species  of  Salix  {Salix, 
U.  S.  P.),  especially  from  JSalix  helix. 

Tests. — 1.  To  a  snuiU  portion  of  salicin  placed  on  a  white 
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plate  or  dish  add  a  drop  of  strong  sulphuric  acid ;  a  deep  red 
color  is  produced. 

2.  Boil  salicin  with  dilute  sulphuric  acid  for  sonic  time ;  it 
is  converted  into  saliyeiiin  (CjHjjOa)  and  glucose. 

Saliciii.  Water.  Saligeiiin.  Glucose. 

Examine  a  portion  of  the  solution  for  grape-sugar  by  the 
copper-test. 

8.  To  another  portion  of  the  liquid,  carefully  neutralized, 
add  a  persalt  of  iron ;  a  purplish-blue  color  is  sometimes  pro- 
duced, due  to  the  reaction  of  the  saligenin  and  the  ferric  salt- 
The  saligenin  is,  however,  so  rapidly  decomposed  by  acids  into 
saliretin  (C^H^O)  and  water  that  this  reaction  is  almost  value- 
less as  a  test.  Saligenin  may  readily  be  obtained  by  action  of 
synaptase  on  salicin. 

4.  Heat  a  mixture  of  about  1  part  of  salicin,  1  of  red  chro- 
niate  of  potassium,  Ij  of  sulphuric  acid,  and  20  of  water  in  a 
test-tube ;  a  fragrant  characteristic  odor  is  evolved,  due  to  the 
formation  of  hydride  of  salicyl  (CiH^O^H),  an  essential  oil 
identical  with  that  existing  in  meadow-sweet  (tipirsea  ulmaria') 
and  in  heliotrope. 

2C,HA    -f    0,    =    2C,H,0,H    +  2H,0 

Saligeuiu.  Oxygen.  Hyiliitle  of  AVater. 

salicyl. 

Santonin  (CjjHjgOj). — This  substance  is  apparently  the  anhydride 
of  a  weak  acid  (Hesse),  insolulile  in  ammonia,  but  forming  a  soluble 
calcium  salt.  Indeed,  by  boiling  santonin  for  twelve  liours  with 
baryta-water,  Cannizarro  has  obtained  a  salt  from  which  hydrochlo- 
ric acid  separates  santonic  acid.  Santoninate  of  Sodium  (Sodii 
Santoniiias,  U.  S.  P.)  has  the  formula  2NaC]5lI,j,04,7n20,  and  occurs 
in  colorless  crystals  unstal)lc  when  exposed  to  light.  From  a  solu- 
tion of  santonatc  of  calcium  the  santonin  is  precipitated  by  acids. 
Boiled  for  some  time  with  dilute  sulphuric  acid,  it  yields  87  per 
cent,  of  an  inHolul)le  resinous  substance  (santoniretin)  and  glucose 
(Kosmann).  Santonin  {Satoniniim,  U.  S.  P.,  and  TrocMschi  Sodii 
Santoriinaiis,  U.  S.  P.)  is  official.  It  is  soluble  in  an  aqueous  solu- 
tion of  twice  its  weight  of  carbonate  of  sodium. 

Prorcss. — The  process  for  its  preparation  consists  in  boiling  San- 
ionira.  U.  S.  P.  (the  unexpanded  tlower-hciids  of  Artemisia  iiiariiima, 
•U.  S.  P.,  or  Leuanl  Worm.sc(:d)^vf\th  milk  of  lime  (whoi-eliy  santonate 
of  calcium  is  formed),  straining,  precipitating  the  santonin  or  san- 
tonic  acid  by  Iiydrocliloric  acid  or  acetic  acid,  washing  with  ammo- 
nia to  remove  resin,  dis.solving  in  spirit,  and  digesting  with  animal 
charcoal  to  get  rid  of  coloring-matter,  setting  tin;  spirituous  solution 
aside  to  dciposit  crystals  of  santonin,  and  purifying  by  recrystalliza- 
tion  from  spirit  (Miallie). 

Test. — To  highly  dilute  solution  of  perchloride  of  iron  add  an  equal 
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bulk  of  concentrated  sulphuric  acid.  To  tliis  reagent  add  the  san- 
tonin, or  powder  or  substance  suspected  to  be  santonin,  and  cau- 
tiously apply  heat.  A  red  purple,  and  finally  violet,  color  is  pro- 
duced (Lindo).  Santonin  added  to  warm  alcoholic  solution  of  potash 
yields  a  violet-red  color. 

Tanacetic  acid,  from  the  leaves  and  tops  of  Tanacetum  vulr/are,  or 
Tansy  {Tanacetum,  U.  S.  P.),  is  a  yellow  crystalline  acid  having  the 
medicinal  properties  of  santonin. 

Saponin  (CjjHjqO,?)  is  a  peculiar  glucoside  occurring  in  Soap- 
wort,  the  root  of  the  common  Pink,  and  many  other  plants  ;  its 
solution  in  water,  even  though  very  dilute,  froths  like  a  solution  of 
soap.  Pereira  considers  smilacin  {Salseparin  or  Parallin),  one  of 
the  principles  of  the  supposed  activity  of  the  root  of  Smilax  officinalis, 
or  Sarsaparilla  {Sarzai  Radix,  B.  P.,  Sarsajjarilla,  U.  S.  P.),  to  be 
closely  allied  to,  if  not  identical  with,  saponin. 

Saponin  is  also  met  with  in  the  root  of  Folygala  senega  {Senega, 
U.  S.  P.),  though  the  active  principle  of  senega  is  .said  to  reside  in 
poli/galic  acid,  probably  a  glucosidic  derivative  of  saponin. 

According  to  Klunge  {Fliarniacogyapkid),  parallin,  by  action  of 
a^ids,  yields  parigeain.  The  aqueous  solutions  of  parallin  froth 
when  shaken. 

Saponin  is  readily  obtained  from  the  bark  of  Quillaia  saponaria, 
or  Soap-hark  {QaiUaia,  U.  S.  P.),  by  boiling  the  aqueous  extract  in 
alcohol  and  filtering  while  hot.  Flocks  of  saponin  se^jarate  on  cool- 
ing.   It  is  a  white,  non-crystalline,  friable  powder. 

SCAMMONIN  (C;,4H560i6). — Boil  resin  of  scaminony  {Rcsina 
Scammonii,  U.  S.  P.)  with  dilute  sulphuric  acid  for  some  time ; 
glucose  may  then  be  detected  in  the  liquid,  a  resinous  acid 
termed  scamnioniol  (Ci4H,303  ?)  being  produced  at  the  same 
time. 

Natural  scammony  {S",ainmnmum,  tJ.  S.  P.)  is  an  exudation  from 
incisions  in  the  living  root  of  Convolvulus  scammonia.  It  contains 
from  10  to  20  per  cent,  of  gum,  and  therefore,  when  rubbed  up  with 
water,  gives  an  emulsion.  "  Ether  removes  from  80  to  90  per  cent, 
of  resin  "  (B.  P.).  The  ofiScial  resin  of  scammony  contains  no  gum, 
and  therefore  gives  no  emulsion  when  ruljbed  up  with  water.  It  is 
made  by  digesting  the  root  in  spirit,  distilling  off  the  alcohol,  and 
washing  the  residual  resin  with  water  till  free  from  the  gum.  There 
seems  to  be  little  or  no  chemical  difference  between  the  extracted 
resin  and  the  resin  of  the  exuded  scammony. 

Resin  of  scammony  is  soluble  in  all  proportions  in  ether.  Spir- 
gatis  states  that  it  is  identical  with  the  resin  of  iMexioan  ]\lale  Jalap, ' 
Avhich  also  is  soluble  in  ether.  Sulpiniric  acid  slowly  reddens  it  It 
is  said  to  be  liable  to  adulteration  with  resin  of  true  jalap,  guaiacum 
resin,  and  common  rosin.  Resin  of  true  jalap  is  insoluble  in  ether; 
guaiacum  resin-  is  distinguished  l)y  the  color-test  mentioned  under 
GuAiACiN,  and  rosin  by  the  action  of  suljjhuric  acid. 

SciLLiTiN. — Schroff,  and,  afterward,  Ridie  and  Remont,  believed 
the  bitter  principle  of  the  squill-bulb  {Scilla,  U.  S.  P.)  to  be  a  gin- 
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coside.  Merck  has  cxtmctod  substances  which  he  has  termed  scil- 
lipicrin  and  sciUitoxiii.  But  no  definite  crystalline  principle  has  yet 
liecMi  obtained.  Schmoideberg  has  given  the  name  sinistrin  to  a 
s([uill  principle.    8(piill  contains  a  large  quantity  of  mucilage. 

The  bulbous  root  of  Crinum  asiaUc.um  is  official  in  the  Pharma- 
copoeia of  India  {Crhii  Rddix,  P.  I.)  as  a  substitute  for  squill.  It 
has  not  been  chemically  investigated. 


QUESTIONS  AND  EXERCISES. 

739.  Define  glucosides,  and  mention  those  of  pharmaceutical 
interest. 

740.  Draw  out  an  equation  illustrative  of  the  development  of  Oil 
of  Bitter  Almonds. 

741.  How  much  pure  amygdalin  will  yield  one  grain  of  real  hydro- 
cyanic acid '? 

742.  To  what  does  Cherry-Laurel  water  owe  its  activity  ?  Is  the 
preparation  trustworthy  ? 

743.  Mention  the  active  principle  of  Senna. 

744.  By  what  process  is  the  glucoside  of  the  purple  fo.Kglove 
prepared  ? 

745.  State  the  circumstances  under  which  Guaiacum  Resin  and 
Jalap  Resin  yield  glucose. 

746.  Mention  a  test  for  guaiacum  resin. 

747.  How  may  the  adulteration  of  jalap  resin  by  rosin  be  de- 
tected ? 

748.  Enumerate  the  tests  for  Salicin. 

749.  How  is  santonin  officially  prepared? 

750.  Name  sources  of  saponin. 

751.  What  is  the  difference  between  Scammony  and  Resin  of 
Scammony? 

752.  How  would  you  detect  resins  of  turpentine,  guaiacum,  or 
jalap  in  resin  of  scammony  ? 


ALCOHOL  AND  ALLIED  BODIES. 

ALCOHOL,  OR  HYDRATE  OF  ETHYL. 

Formation  of  Alcohol. — Ferment  two  or  three  gi'ains  of  sugar  by 
dissolving  in  a  test-tube  full  of  water,  adding  a  little  yeast  (Cere- 
yislce  Fermcnbim,  B.  P.)  or  a  piece  of  the  so-called  German  or  dried 
east,  and  set  the  whoh;  aside  for  several  hours  in  a  warm  place  at 
a  temperature  of  70°  or  75° ;  carbonic  acid  gas  is  evolved,  and,  if 
the  tube  be  inverted  in  a  small  dish  containing  water,  may  be  col- 
lected in  the  upper  part  of  the  tube  and  suljsequcntly  tested :  the 
solution  contains  alcohol.  If  the  experiment  be;  made  on  larger 
quantities  (4  ounces  of  sugar,  I  of  yeast,  and  1  pint  of  watcn-)  the 
ierniented  li(|ui(l  shoidd  be  distilled,  one-half  being  collectcsd,  shaken 
with  a  little  lime,  soda,  or  potash,  to  neutralize  any  acetic  acid  and 
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decompose  ethereal  salts,  and  again  distilled  till  one-half  has  passed 
over ;  the  product  is  dilute  spirit  of  wine.  It  may  be  still  further 
concentrated  or  rectified  by  repeating  this  process  of  fractional  dis- 
tillation. 

Fermentation. — The  act  of  fermentation  is  commonly  the  result, 
or  rather  accompaniment,  of  some  vital  action.  Alcoholic  fermentation 
would  appear  to  be  always  attended  by  or  to  attend  development  of 
life  and  free  multiplication  of  cellular  structure.  It  follows  the  de- 
velopment of  the  fungus  already  referred  to  as  constituting  the 
chief  active  part  of  yeast,  the  Saccharomi/ccs  cerecisice.  In  the 
presence  of  this  fungus,  with  small  quantities  of  phosphates  and 
albumenoid  matter,  glucose  is  converted  into  alcohol  and  carbonic 
acid  gas,  together  with  small  proportions  of  glycerin,  succinic  acid, 
and  other  substances.  Yeast  also  contains  a  soluble  ferment  anal- 
ogous to  diastase,  which  is  capable  of  converting  sucrose  into 
glucose.  Therefore,  if  yeast  be  used,  sucrose  or  cane-sugar  may 
be  converted  into  carbonic  acid  gas  and  alcohol,  the  soluble  ferment 
first  converting  the  suci-ose  into  glucose. 

CJI,,0«   =    2CJI,II0    +  2C0, 

Grape-sugar.  Alcohol.  Carliouic 

acid  gas. 

Not  more  than  20  per  cent,  by  Aveight  of  alcohol  can  be  olitained 
in  a  fermenting  fluid,  for  more  than  this  proportion  prevents  fer- 
mentation. 

Other  kinds  of  fermentation^  arising  from  the  action  of  special 
ferments  which  have  not  received  in  all  cases  distinctive  names,  are 
the  following:  Viscous  or  Munnitic  fermentcition,  yi-hich  occurs  Avhcu 
beer  or  saccharine  juices,  such  as  that  of  beet-root,  become  "ropy." 
Gum,  mannite,  and  carbonic  acid  gas  are  produced.  ¥ov  Lactic  and 
Butyric  fermentations  see  Lactic  Acid.  Putrefactive  fermentation 
occurs  when  a  liquid  containing  albumenoid  matter  is  exposed  to 
the  air.  Infusoria  appear  in  the  liquid,  using  up  the  dissolved 
oxygen,  and  the  ferments  of  the  genus  Vibrio  arc  developed.  These 
are  protected  from  oxygen,  which  is  fatal  to  them,  l)y  a  thin  surface- 
layer  crowded  with  bacteria — small  rod-like  organisms  having  powers 
of  locomotion.  The  vibrionic  action,  or  puti-efaction,  proceeds  with 
evolution  of  sulphuretted  hydrogen,  together  with  other  gases  having 
unpleasant  odors  and  of  complex  chemical  constitution.  For  Acetic 
fermentation  sec  Acetic  Acid.  For  Ammoniacal  fermentation,  see 
Urine. 

Fermentation  hy  Certain  Soluble  Alhumenoids. — For  the  conversion 
of  starch  into  sugar  by  diastase,  see  Starch ;  of  amygdalin  into  ben- 
zoic aldehyd,  hydrocyanic  acid,  and  glucose  hy  emulsin,  see  Amyg- 
dalin ;  of  salicin  into  saligenin  and  glucose,  see  Salicin;  of  myronate 
of  potassium  into  sulphocyanide  of  allyl,  etc.  by  myrosin,  see  Mus- 
tard ;  of  cane-sugar  into  grape-sugar  by  the  soluble  ferment  in  yeast, 
see  the  foregoing  paragraj)hs. 

Alcoholic  Fermentation. — The  chief  reaction  results,  as  already 
stated,  in  the  formation  of  alcohol  and  carbonic  acid  gas,  though 
traces  of  several  other  substances  are  simultaneously  produced  {vide 
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"Fusel  Oil"  in  Index).  By  this  i-oaction  avo  formed  the  spirit  of 
the  various  kinds  of  wine,  boor,  and  li((n('urs:  Sherry  AVine  (Vinimi 
Xericnm,  B.  P.)  and  I'ort  Wine,  the  ferniented  juice  of  the  grape; 
"Whiskey  {Spiriiim  Frumenti,  U.  S.  P.),  containing  from  48  to  5G  per 
cent,  of  pure  alcohol ;  Spirit  of  3Ii/rcia,  or  Baij  liiuii  {Spirilus 
Mip-cice,  U.  S.  P.),  prepared  by  dissolving  the  oils  of  Myrcia  acris, 
pimento,  and  oi-ange-peel  in  diluted  alcohol ;  and  othei-s. 

Alcoholic  drinks  vary  much  in  strength.  Cider  or  apple  wine, 
cherry  or  pear  wine,  and  good  heer  (ale  and  porter,  or  stout)  contain 
4  to  6  per  cent,  of  real  alcohol ;  good  light  wines,  both  "  red"  and 
"white,"  10  to  12  per  cent. ;  good  sherry  and  port,  which  are  com- 
monly "  fortified" — that  is,  contain  added  spirit — -16  or  18  per  cent. ; 
while  "spirits"  (gin,  rum,  brandy,  whiskey,  etc.)  and  "liqueurs" 
(ratafia,  almond-flavored ;  maraschino,  cherry-flavored  ;  curacjoa, 
orange-flavored ;  chartreuse,  a  composite-flavored  liqueur,  etc.)  are 
"under  proof"  or  "  over  proof,"  terms  explained  in  the  next  para- 
graph. The  well-known  effects  of  these  fluids  on  the  animal  system 
would  appear  to  be  due  primarily  to  alcohol,  and,  secondarily,  to 
ethereal  derivatives  of  alcohols.  Some  owe  a  part  of  their  effects  to 
non-volatile  substances,  for  beer,  from  which  all  alcohol  has  been 
removed  by  ebullition,  still  has  a  powerful  influence  on  the  hunmn 
economy.  The  official  (U.  S.  P.)  Wines  are  all  made  with  "  Stronger 
AVhite  Wine"  {Vinum  Album  Fortius,  U.  S.  P.),  made  by  adding 
1  part  of  alcohol  to  7  parts  of  "White  AYine"  {Vinum  Album,  U.  fj. 
P.),  the  latter  a  kind  of  natural  sherry  containing  not  less  than  10 
nor  more  than  12  per  cent,  of  absolute  alcohol.  Vinum  liubrum, 
U.  S.  P.,  is  of  similar  strength — -a  kind  of  natural  port  wine. 

Varieties  of  Alcohol. — The  weak  spirit  concentrated  by  distilla- 
tion till  it  contains  84  per  cent,  by  weight  of  pure  alcohol  is  an 
ordinary  article  of  British  trade ;  its  specific  gravity  at  60°  F.  is 
0.8.382.  This  is  common  Spirit  of  Wine,  the  Spiritus  Itectificatus 
of  the  British  Pharmacopoeia.  The  British  official  Proof  Spirit* 
{Spiritus  Tenuior,  B.  P.)  contains  49  per  cent,  by  weight  of  alcohol, 
and  is  made  l)y  diluting  100  volumes  of  Rectified  Spirit  with  water 
until  the  well-stirred  product  measures  156  volumes.  Sixty  volumes 
of  water  will  be  required  for  this  purpose,  the  liquids  occupying 
less  bulk  after  than  before  admixture.  In  the  language  of  the 
Excise  authorities,  the  rectified  spirit  of  the  Pharmacopojia  would  be 
dcscri])ed  as  "56  per  cent,  over  proof"  (56  per  cent.  0.  P.);  that 
is,  100  volumes  contain  as  much  alcohol  as  is  present  in  156  volumes 
of  proof  spirit.  Ol)viously,  proof  spirit  may  be  made  by  diluting 
with  water  rectified  spirit  of  any  other  strength  than  that  mentioneil 
above.  Thus  100  fluidounees  of  a  spirit  of  "  seventy  over  proof" 
may  be  diluted  to  170,  or  the  same  quantity  of  a  spirit  of  "fifty 


*  Pronf  npivil  is  so  termed  from  the  fact  tliat  in  ohlen  times  a  jiroof 
of  its  strength  was  supposed  to  be  aflbrded  by  moistening  a  small 
quantity  of  ginipowder  and  setting  light  to  the  spirit;  il'  it  fired  the 
powder,  it  was  said  to  be  "over  proof;"  if  not,  "under  proof."  The 
weakest  spirit  that  would  stand  this  test  was  what  we  should  now 
describe  an  of  sp.  gr.  0.1)20. 
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over  proof"  may  be  diluted  to  150,  and  so  on.  The  specific  gravity 
of  proof  spirit  at  60°  is  0.920. 

Alcohol,  U.  S.  P.,  contains  91  per  cent,  by  weight  (94  by  volume), 
Alcohol  Dilutum,  U.  S.  P.,  45^  per  cent,  by  weight  (5.3  by  volume) 
of  i"eal  alcohol,  the  remainder  being  water.  The  former  has  a  sp. 
gr.  of  0.820,  the  latter  0.928,  at  15.0°  C,  or  0.812  and  0.920,  re- 
spectively, at  25°  C.    The  stronger  boils  at  78°  C. 

Eiiipirkal  Formula; — Composition  of  Alcohol. — Alcohol  by  quanti- 
tative analysis  is  found  to  contain  the  elements  carbon,  hydrogen, 
and  oxygen  in  the  following  proportions : — 

Composition  of  Alcohol. 

Carbon  .  .  .  52'.174,  or  12  =  4..348,  or  2. 
Hydrogen  .  .  .  13.043,  or  1  ^  13.043,  or  6. 
Oxygen        .       .       .     34.783,  or  ^  16       2.174,  or  1. 

100.000 


From  centesimal  numbers  a  formula  is  obtained  in  the  usual  way. 
Thus,  on  dividing  these  figures  by  the  atomic  weights  of  the  respec- 
tive elements  (C  12,  H  =  1,  0  =  16),  and  reducing  the  products 
to  the  simplest  whole  numbers,  alcohol  will  be  found  to  contain  two 
atomic  weights  of  carbon  to  every  six  of  hydrogen  and  to  every  one 
of  oxygen,  and  its  possible  or  empirical  formula  to  be  C2rigO. 

Constitution  of  Alcohol. — There  is  good  reason  to  believe  that 
alcohol  is  the  hydrate  of  a  basylous  radical  ethi/l  (C2H5  or  Et) ;  hence 
Avo  derive  the  rational  formula  0211^110  or  EtHO.  Sodium  displaces 
hydrogen  from  alcohol,  ethylate  of  sodium,  or  "caustic  alcohol," 
being  produced :  Na^  +  2EtII0  =       +  2EtNaO. 

Rational  Formula'. — Rational  formulte  are  deduced  by  (1)  ascer- 
taining how  much  of  tiie  substance  will  combine  with,  displace,  or 
play  the  part  of,  the  atomic  weight  of  a  well-kno\vn  element  or 
radical.  When  this  method  cannot  be  applied,  or  in  confirmation 
of  it,  processes  of  (2)  reduction,  (3)  oxidation,  (4)  substitution,  etc. 
are  employed. 

Salts  of  Fthyl. — Alcohol  is,  then,  a  body  analogous  in  constitu- 
tion to  hydrate  of  potassium  (KHO) ;  and  there. are  other  compounds 
of  ethyl  analogous  in  constitution  to  ordinarj'  inorganic  salts,  such 
as  those  of  potassium.  The  oxide  of  ethyl  (EtjO)  is  common  ether; 
the  nitrite  of  ethyl  (EtNOj)  is  the  chief  body  which,  dissolved  m 
spirit  of  wine,  constitutes  "  sweet  spirit  of  nitre  ;"  the  acid  sulphate 
of  ethyl  (EtIIvSO.,),  or  sulphethylic  or  sul|ihovinic  acid,  is  a  liquid 
met  with  in  the  preparation  of  ether.    The  iodide  (EtI),  hydride 

(EtIT),  acetate  (EtA),  and  other  salts  are  of  considerable  chemical 
interest,  but  not  used  in  medicine. 

Absolute  or  Real  Alcohol  (C^IIr.HO)  may  be  prepared  from  spirit 
of  wine  by  removing  the  water  which  the  latter  contains.  This  is 
accomplished,  partially,  by  anhydrous  carbonate  of  potassium,  and 
finally  and  entirely  by  recently-burned  (piicklime.  In  operating  on, 
say,  one  pint,  IJ  ounces  of  dried  carbonate  of  potav^fsium  are  placed 
in  a  bottle  that  can  be  well  closed,  and  frequently  shaken  during 
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two  days  with  the  spirit.  Meanwhile,  al)Out  half  a  pound  of  good 
quicklime,  if  not  already  at  hand,  is  made  from  10  or  11  ounces  of 
slaked  lime  by  heating  to  redness  in  a  covered  crucible  for  half  an 
liour.  The  spirit  having  been  decanted  from  the  denser  aqueous 
solution  of  carbonate  of  potassium  and  placed  in  a  quart  flask,  re- 
tort, or  tin  can,  the  lime,  as  soon  as  cold,  is  added,  and  the  whole 
occasionally  shaken  during  a  day.  The  vessel  is  now  placed  in  a 
saucepan  or  other  bath  containing  water,  quickly  connected  with 
a  condenser  (in  the  case  of  the  flask  or  can  by  a  bent  tube  and  cork 
previously  prepared,  for  absolute  alcohol  must  not  bo  exposed  to 
air,  or  water  in  the  form  of  moisture  Avill  be  rapidly  reabsorljed), 
and  heat  applied  to  the  bath.  Rejecting  the  first  ounce  or  ounce 
and  a  half,  as  likely  to  contain  traces  of  moisture  absorbed 
from  the  air  or  apparatus,  continue  distillation  until  nothing 
more  passes  over,  the  water  in  the  bath  being  kept  just  below 
the  boiling-point  (about  2UU°  F.).  These  detnils  are  those  of 
the  British  Pharmacopoeia.  Specific  gravity  0.7938  ;  boiling-point, 
173°;  F. 

Tests. — There  are  no  specific  tests  for  alcohol  Avhen  mixed  with 
complex  matters.  It  is,  however,  easily  isolated  and  concentrated 
by  fractional  distillation,  and  is  then  recognizable  by  conjoint  physi- 
cal and  chemical  characters.  Thus  its  odor  and  taste  are  charactei"- 
istic  ;  it  is  lighter  than  water,  volatile,  colorless,  and,  when  tolerably 
strong,  inflammable,  burning  with  an  almost  non-luminous  flame  ;  it 
readily  yields  aldehyd  (see  below)  and  acetic  ether  {vide  p.  436), 
each  of  which  has  a  characteristic  odor ;  lastly,  in  presence  of  hot 
acid,  alcohol  reduces  red  chromate  of  potassium  to  a  green  salt  of 
chromium. 

According  to  Lieben,  1  of  alcohol  in  2000  of  water  can  be  detect- 
ed'by  adding  to  some  of  the  warmed  liquid  a  little  iodine,  a  few 
drops  of  solution  of  soda,  again  warming  gently,  and  setting  aside 
for  a  time ;  a  yellowish  crystalline  deposit  of  iodojorm  ((JIII3)  is 
obtained.  Under  the  microscope  the  latter  jjresents  the  ajipearance 
of  hexagonal  plates  or  six-rayed  and  other  varieties  of  stellate 
crystals. 

C^ITeO  +  41,  +  GNallO  =  CHI3  -f-  NaCIIO,+  5NaI  +  SII^O. 

Other  alcohols,  aldehyds,  gum,  turpentine,  sugar,  and  several  other 
substances  give  a  similar  reaction. 

T<^sh  of  Fnrilj/. — Oil  or  rosin  is  precipitated  on  diluting  spirit  of 
win(>  with  distilled  water,  giving  an  opahsscent  appearance  to  the 
mixture.  The  specific  gravity  should  be  0.83cS.  Fusel  oil,  aldehyd, 
and  such  impurities  are  detected  by  nitrate  of  silver  {ride  Index, 
"Alcohol,  T(!st  for  Purity  of").  Water  in  absolute  alcohol  may  be 
detected  by  adding  to  a  small  ((uantity  a  little;  highly  drunl  sulphate 
of  copper,  which  becomes  blue  (Cu.SO,,r)lI/))  if  water  is  jircsent, 
hut  retains  its  yellowish-white  anhydrous  eliaraetiir  (CuSO.,)  if  water 
he  absent.  In  the  United  States  Pharma<!opf»ia  it  is  laid  down  that 
alcohol,  "if  mixed  with  its  own  volume;  of  water  and  one  fifth  its 
volume  of  glycerin,  a  piece  of  blotting-paper,  on  being  wet  with  the 
mixture  after  the  vapor  of  alcohol  has  wholly  disaj)peared,  should 
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give  no  irritating  or  foreign  odor  (fusel  oil).  And  if  a  portion  l)e 
evaporated  to  one-fifth  its  volume,  the  residue  should  not  turn  red- 
dish upon  the  addition  of  an  equal  volume  of  sulphuric  acid  (amyl 
alcohol).  When  treated  in  a  test-tube  with  an  equal  volume  of  solu- 
tion of  potassa,  there  should  not  be  an  immediate  darkening  of  the 
liquid  (methyl  alcohol,  aldehyd,  and  oak  tannin).  If  a  portion  of 
about  150  c.c.  be  digested  for  an  hour  with  20  gin.  of  carbonate  of 
lead,  and  filtered,  the  filtrate  then  distilled  from  a  water-bath,  and 
the  first  20  c.c.  of  the  distillate  treated  with  1  c.c.  of  test-solution 
of  permanganate  of  potassium,  the  color  should  not  disappear  within 
one  or  two  minutes  (abs.  of  methyl  alcohol).'' 

Aldehyd  (C^HjO)  . — Place  together,  in  a  capacious  test- 
tube,  or  a  flask,  about  four  parts  of  spirit  of  wiue,  six  of  black 
oxide  of  manganese,  six  of  sulphuric  acid,  and  four  of  water, 
and  gently  warm  the  mixture ;  aldehyd  (afcohol  dehi/drogen- 
atus),  a  highly  volatile  liquid,  is  immediately  formed,  and  its 
vapor  evolved,  recognized  by  its  peculiar,  somewhat  fragrant 
odor.  Adapt  a  cork  and  leather  long  bent  tube  to  the  test-tube, 
and  let  some  of  the  aldehyd  slowly  distil  over  into  another  test- 
tube,  the  condensing-tube  being  kept  as  cool  as  possible.  Set 
the  distillate  aside  for  a  day  or  two ;  the  aldehyd  will  have 
nearly  all  disappeared,  and  acetic  acid  be  found  in  the  tube. 
Test  the  exposed  liquid  by  litmus-paper ;  it  will  be  found  to 
have  an  acid  reaction  :  make  it  slightly  alkaline  by  a  drop  or 
two  of  solution  of  carbonate  of  sodium,  then  boil  to  remove  any 
alcohol  and  aldehyd  present,  add  sulphuric  acid,  and  notice  the 
characteristic  odor  of  the  acetic  acid  evolved. 

These  experiments  will  enable  the  process  of  acetification  described 
in  connection  with  acetic  acid  to  be  more  fully  understood.  Pure 
diluted  alcohol  is  not  oxidized  by  exposure  to  air :  liut  in  presence 
of  fermentive  matter,  or  vegetable  matter  undergoing  deeaj'  or  change, 
it  is  oxidized  first  to  aldehyd  and  then  to  acetic  acid. 

In  the  above  process  the  black  oxide  of  manganese  and  sulphuric- 
acid  furnish  nascent  oxygen  : — 

MnO,     +     H,SO,    =    MnSO,     +     0     -f-  H,0. 

Black  oxide  Sulphuric  Sulphate  of  Oxyscn  Water, 

of  uiauKaucso.  acid.  mauganese.  (atom). 

The  nascent  oxygen  then  acts  on  the  alcohol,  just  as  the  oxygen  of 
the  air  acts  on  the  alcohol  in  fermented  infusion  of  malt,  beer,  or 
wine,  giving  aldehyd  : — 

C,,II«0    -f     0    =    C,H,0    +  HjO 

Alcohol.  Oxyfcen         .\ldchyd.  Water, 

(atoui). 

The  aldehyd  rapidly,  even  when  pure  (more  rapidly  when  impure), 
absorbs  oxygen  and  yicdds  acetic  acid : — 

2(UI,,0    +    0„    =  20,11,0, 

Aldehyd.  Oxygeu.         Acetic  acid. 

Tests. — Aldehyd  heated  with  solution  of  potash  gives  a  brownish- 
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yellow  resinous  mass  of  peculiar  odor.  Its  aqueous  solution  re- 
duces salts  of  silver,  giving  a  mirror-like  coating  to  the  sides  of  a 
test-tube. 

Spirit  of  French  Wine  (Spiriius  Vi)ii  GaUiiri,  U.  S.  P.),  or  Brcmdi/, 
is  a  colored  and  flavored  variety  of  alcohol  distilled  from  French 
wine.  Its  color  is  that  of  light  sherry,  and  is  derived  from  the  cask 
in  which  it  has  been  kent,  but  it  is  commonly  deepened  by  the  addi- 
tion of  burnt  sugar.  Its  taste  is  due  to  the  volatile  flavoring  con- 
stituent of  the  wine,  often  increased  by  the  addition  of  artificial 
essences.  "  Brandy  has  a  pale  amber  color,  a  distinctive  taste  and 
o<lor,  and  a  sp.  gr.  not  above  0.941  nor  below  0.925,  corresponding 
approximately  with  an  alcoholic  strength  of  39  to  47  per  cent,  by 
weight,  or  4(5  to  55  per  cent,  by  volume.  If  100  c.c.  of  brandy  be 
slowly  evaporated  in  a  weighed  capsule,  on  a  water-bath,  the  last 
portions  volatilized  should  have  an  agreeable  odor,  free  from  har.sh- 
ness  (abs.  of  fusel  oil  from  grain  or  potato  spirit).  The  resi- 
due, dried  at  100°  C.  (212°  F.),  should  weigh  not  more  than 
0.250  gm.,  equivalent  to  0.25  per  cent.  (abs.  of  an  undue  amount 
of  solids).  This  residue  should  have  no  sweet  or  distinctly  spicy 
taste  (abs.  of  added  sugar,  glycerin,  or  spice.s).  It  should  nearly  all 
dissolve  in  10  c.c.  of  cold  water,  forming  a  solution  which  is  colored 
light  green  by  a  dilute  solution  of  ferric  chloride  (traces  of  oak 
tannin  from  casks).  100  c.c.  of  brandy  should  be  rendered  dis- 
tinctly alkaline  to  litmus  by  3  c.c.  of  the  volumetric  solution  of 
soda  (abs.  of  an  undue  .amount  of  free  acid)." — U.  S.  P. 

The  foregoing  words  are  also  used  in  describing  Whiskeij  (Spiritus 
Frumenti)  in  the  United  States  Pharmacopoeia,  except  that  the  sj).  gr. 
is  to  be  "  not  above  0.930  nor  below  0.917,  corresponding  approx- 
imately with  an  alcoholic  strength  of  44  to  50  per  cent,  by  weight, 
or  50  to  58  per  cent,  by  volume,"  and  that  the  acidity  is  not  to  be 
greater  in  100  c.c.  than  2  c.c.  of  soda  solution  will  neutralize. 


QUESTIONS  AND  EXERCISES. 

753.  Write  a  few  sentences  on  the  formation,  purification,  and 
concentration  of  alcohol,  and  explain  the  difference  between  Recti- 
fied Spirit,  Proof  Spirit,  and  Absolute  Alcohol. 

754.  What  quantity  of  water  must  be  added  to  one  gallon  of 
spirit  of  wine,  56  degrees  over  proof,  to  convert  it  into  proof 
spirit? 

755.  To  what  volume  must  5  pints  of  spirit  of  wine  of  53  degrees 
over  proof  be  diluted  before  it  becomes  proof  spirit?  Ans.  7  pints, 
13  ounces. 

75fi.  State  the  specific  gravity  of  proof  spirit. 
757.  Show  how  the  formula  of  alcohol  is  obtained  from  its  cen- 
tesimal composition : — 

Carbon  52.174 

Hydrogen  13.043 

Oxygen  MA^^ 

100.000 
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758.  Give  tlie  forinuloe  of  soinc  of  the  salts  of  ethyl. 
"759.  By  what  processes  may  pure  hydrate  of  ethyl  be  obtained  ? 
■  760.  Enumerate  the  characters  of  alcohol. 

761.  Mention  a  chemical  test  to  distinguish  rectified  spirit  from 
absolute  alcohol. 

762.  From  the  formula  of  aldehyd  calculate  back  its  composition 
in  100  parts. 

763.  What  is  the  relation  of  aldehyd  to  alcohol  and  to  acetic 
acid  ? 

7()4.  Whence  is  brandy  obtained,  and  to  what  are  due  its  color 
and  flavor? 


ETHER,  OR  OXIDE  OF  ETHYL. 

Formula  CJI.oO,  or  (C,H3),0,  or  Et,0. 

Experimental  Process. — Into  a  capacious  test-tube  put  a 
small  quantity  of  spirit  of  wine  and  about  half  its  bulk  of  sul- 
phuric acid,  mix  and  gently  warm  ;  the  vapor  of  ether,  recog- 
nized by  its  odor,  is  eyolved.  Adapt  a  cork  and  long  bent  tube 
to  the  test-tube,  and  slowly  distil  over  the  ether  into  another 
test-tube.  Half  the  original  quantity  of  alcohol  now  placed  in 
the  generating-tube  will  again  give  ether ;  and  this  operation 
may  be  repeated  many  times. 

On  the  larr/cr  scale,  and  according  to  the  following  process,  the 
addition  of  alcohol,  instead  of  being  intermitting,  is  continuous,  a 
tube  conveying  alcohol  from  a  reservoir  into  the  generating-vessel. 
Mix  10  fluidounces  of  sulj)huric  acid  with  12  fluidounces  of  rectified 
spirit  in  a  glass  retort  or  flask  capable  of  containing  at  least  two 
pints,  and,  not  allowing  the  mixture  to  cool,  connect  the  retort  or 

Fig.  49. 


flask  by  means  of  a  bent  glass  tnhc  with  a  Liebig's  conden.?or,  and 
distil  with  a  heat  sufficient  to  maintain  the  liquid  in  brisk  ebulli- 
tion.   If  a  thermometer  also  be  inserted  in  the  tubulure  of  the 
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retort  or  through  the  cork  of  the  flask,  the  temperature  may  be  still 
more  carefully"  regulated — between  284°  and  290°  F.  An  soon  as 
the  ethereal  fluid  begins  to  pass  over,  supply  fresh  spirit  in  a  con- 
tinuous stream,  and  in  such  quantity  as  to  about  equal  the  volume 
of  the  fluid  which  distils.  For  this  purpose  use  a  tube  furnished 
with  a  stopcock  to  regulate  the  supply,  connecting  one  end  of  the 
tube  with  a  vessel  containing  the  spirit  supported  above  the  level 
of  the  retort  or  flask,  and  passing  the  other  end  through  the  cork 
of  the  flask  into  the  liquid.  When  a  total  of  50  fluidounces  of 
spirit  has  been  added,  and  42  fluidounces  of  ether  have  distilled 
over,  the  process  may  be  stopped. 

To  partially  purify  the  liquid,  dissolve  10  ounces  of  chloride  of 
calcium  in  13  ounces  of  water,  add  half  an  ounce  of  lime,  and  agi- 
tate the  mixture  in  a  bottle  with  the  impure  ether.  Leave  the 
mixture  at  rest  for  ten  minutes,  pour  off  the  light  supernatant 
fluid,  and  distil  it  with  a  gentle  heat  until  a  glass  bead  of  specific 
gravity  0.735  placed  in  the  receiver  begins  to  float.  The  ether  and 
spirit  retained  by  the  chloride  of  calcium  and  by  the  residue  of  each 
rectification  may  be  recovered  by  distillation  and  used  in  a  subse- 
quent operation. 

Explanation  of  Process. — On  the  addition  of  sulphuric  acid  to 
alcohol  in  equal  volumes,  one  molecule  of  each  reacts  and  gives  a 
olecule  of  sulphethylic  acid  and  one  of  water : — 

EtHO    +    HjSO,   :=   EtHSO,    +  H.,0 

Alcohol.  Sulpliuric         Sulphethylic  Water, 

acid.  acid. 

ore  alcohol  then  gives  ether  and  sulphuric  acid  by  the  reaction  of 
one  molecule  of  the  alcohol  on  one  of  sulphethylic  (ethylsulphuric) 
cid : — 

EtTIO    +    EtTISO,   =   Et,0    +  H^SO, 

Alcohol.  Sulpliethylic  Eth'er.  Sulpliunc 

acid.  acid. 

he  water  of  the  first  reaction  and  the  ether  of  the  second  distil 
ver,  while  the  sulphuric  acid,  as  fast  as  liberated,  is  attacked  by 
Icohol  and  reconverted  into  sulphethylic  acid: — 

EtHO    +    H,SO,j   =    EtTISO,.  +  11,0 

Alcohol.  Sulpliuric  Sulphethylic  Water, 

acid.  acid. 

0  that  the  sulphuric  acid  originally  employed  finally  remains  in  the 
etort  in  the  form  of  sulphethylic  acid.    The  effect,  however,  of  a 
mall  quantity  of  sulphuric  acid  in  thus  converting  a  largo  quantity 
bf  alcohol  into  ether  is  limited,  secondary  reactions  occurring  to 
some  extent  after  a  time. 

Properties. — Pure  ether  is  gaseous  at  temperatures  above  95°  F. ; 
cnce  the  condensing-tubes  employed  in  its  distillation  must  be  kept 
s  cool  as  possible.  At  all  ordinary  temperatures  it  rapidly  evapor- 
tes,  absorbing  much  heat  from  the  surface  on  which  it  is  placed. 

few  drops  evaporated  consecutively  from  the  back  of  the  hand 
roduce  great  cold;  if  iilown  in  the  form  of  spray,  the  cooling  effect 
so  rapid  and  intense  as  to  produce  local  anoestlicsia.    Its  vapor  is 
37 
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very  heavy,  more  than  twice  and  a  half  that  of  air  and  nearly  forty 
times  that  of  hydrogen  (Il2  =  2;  C.,II,oO  74  ;  or  as  1  to  37).  In 
a  still  atmosphere,  therefore,  it  will  flow  a  considerable  diHtance 
along  a  table  or  floor  before  complete  diffusion  occurs ;  the  vapor 
is  also  highly  inflammable ;  hence  the  importance  of  keeping  candle 
and  other  flames  at  a  distance  during  manipulations  with  ether. 

Purification. — To  imitate  the  process  of  partial  purification 
above  described,  add  to  the  small  quantity  of  ether  obtained  in 
the  foregoing  operation  a  strong  solution  of  chloride  of  calcium 
and  a  little  slaked  lime ;  the  latter  absorbs  any  sulphurous  acid 
that  may  have  been  produced  by  secondary  decompositions, 
while  the  former  absorbs  water ;  on  shaking  the  mixture  and 
then  setting  aside  for  a  minute  or  two,  the  ether  will  be  found 
floating  on  the  surface  of  the  solution  of  chloride  of  calcium. 

This  ether,  redistilled  until  the  distillate  has  a  sp.  gr.  not  higher 
than  0.735  and  boiling-point  not  higher  than  105°  F.,  is  the  ether 
of  the  British  Pharmacopoeia.  It  still  contains  about  8  per  cent,  of 
alcohol.  The  latter  may  be  removed  by  well  shaking  the  ether  with 
half  of  its  bulk  of  water,  setting  aside,  separating  the  floating  ether, 
and  again  shaking  it  with  water ;  alcohol  is  thus  washed  out.  This 
washed  ether,  containing  water  (for  water  and  ether  are  to  some 
extent  soluble  the  one  in  the  other ;  50  measures  agitated  with  an 
equal  volume  of  water  are  reduced  to  45  by  an  absorption  of  10  per 
cent.),  is  next  placed  in  a  retort  with  solid  chloride  of  calcium  and 
a  little  caustic  lime,  and  once  more  distilled  ;  pure  dry  ether  results. 
Sp.  gr.  not  exceeding  0.720.  ^Ether,  U.  S.  P.,  contains  nearly  74  per 
cent,  of  real  ether,  nearly  26  per  cent,  of  alcohol,  and  a  little  Avater ; 
sp.  gr.  0.750  at  15°  C.  JEthev  Fortior,  U.  S.  P.,  contains  nearly  94 
per  cent,  of  real  ether,  nearly  6  per  cent,  of  alcohol,  and  a  little 
water  ;  sp.  gr.  not  above  0.725  at  15°  C,  or  0.716  at  25°  C. ;  boiling- 
point,  37°  C.  Agitated  with  an  equal  volume  of  glycerin,  the  uEtlier 
should  yield  75  per  cent,  of  ether,  while  JEther  Fortior  should  yield 
86  per  cent. 

Spiritus  ^fhei-is,  U.  S.  P.,  is  a  mixture  of  30  weights  of  ether 
with  70  similar  weights  of  alcohol.  Spiritus  jElheris  Compositus, 
U.  S.  P.,  contains  30  o'f  stronger  ether,  67  of  alcohol,  and  3  of  ethe- 
real oil.    It  is  the  old  "  Ilotfmann's  Anodyne." 

NITROUS  ETHER,  OR  NITRITE  OF  ETHYL. 

Formula  CH^NO,  or  EtNO,. 

Process. — To  a  third  of  a  test-tubeful  of  alcohol  add  about 
a  tenth  of  its  bulk  of  sulphuric  acid,  rather  more  of  nitric 
acid,  and  warm  the  mixture  as  soon  as  ebullition  commences; 
the  vapor  of  nitrous  ether  (with  other  substances)  is  evolved, 
recognized  by  its  odor.  A  long  bent  tube,  kept  cool,  may  be 
adapted  by  a  perforated  cork  to  the  test-tube,  and  thus  a  little 
of  the  product  be  condensed  and  collected. 


NITROUS  ETHER. 


435 


The  above  process  conducted  on  a  larcjer  scale,  with  definite  cjuan- 
tities  of  materials,  temperature  regulated  by  a  thermometer,  and  a 
well-cooled  condenser,  etc.  (see  p.  125),  is  the  oflicial  process  for  the 
preparation  of  a  solution  of  crude  nitrous  ether.  Diluted  with  spirit, 
one  variety  of  it  forms  the  "sweet  spirit  of  nitre"  {Spiritus  yElheris 
Xitrosi,  V.  S.  P.)  of  pharmacy,  "  containing  5  per  cent,  of  the  crude 
ether." 

"Add  7  parts  of  sulphuric  acid  gradually  to  31  parts  of  alcohol. 
AVhen  the  mixture  has  cooled,  transfer  it  to  a  tubulated  retort  con- 
nected with  a  well-cooled  condenser,  to  which  a  receiver,  surrounded 
])y  broken  ice,  is  connected  air-tight,  and  which  is  further  connected, 
by  means  of  a  glass  tube,  with  a  small  vial  containing  water,  the  end 
of  the  tube  dipping  into  the  latter.  Now  add  9  parts  of  nitric  acid 
to  the  contents  of  the  retort,  and,  having  introduced  a  thermometer 
through  the  tubulure,  heat  rapidly,  by  means  of  a  water-bath,  until 
strong  reaction  occurs  and  the  temperature  reaches  80°  C.  (176°  F.). 
Continue  the  distillation  at  that  temperature,  and  not  exceeding  82° 
C.  (180°  F.),  until  the  reaction  ceases.  Disconnect  the  receiver,  and 
immediately  pour  the  distillate  into  a  flask  containing  16  parts  of 
ice-cold  distilled  water.  Close  the  flask  and  agitate  the  contents 
repeatedly,  keeping  down  the  temperature  by  immersing  the  flask 
occasionally  in  ice-water.  Then  separate  the  ethereal  layer  and 
mix  it  immediately  with  19  times  its  weight  of  alcohol.  Keep  the 
product  in  small,  glass-stoppered  vials,  in  a  dark  place,  remote  from 
lights  or  fire." 

"  Properties. — A  clear,  mobile,  volatile,  and  inflammable  liquid,  of 
a  pale  straw-color,  inclining  slightly  to  green,  a  fragrant,  ethereal 
odor,  free  from  pungency,  and  a  sharp,  Inirning  taste.  vSp.  gr.  0.823 
to  0.82.5.  It  slightly  reddens  litmus-paper,  but  should  not  effervesce 
when  a  crystal  of  bicarbonate  of  potassium  is  dropped  into  it.  When 
mixed  with  half  its  volume  of  solution  of  potassa,  previously  diluted 
with  an  equal  volume  of  water,  it  assumes  a  yellow  color,  which 
slightly  deepens,  without  becoming  brown,  in  twelve  hours.  A  por- 
tion of  the  spirit,  in  a  test-tube  half  tilled  with  it,  plunged  into 
water  heated  to  63°  C.  (145.4°  F.),  and  held  there  until  it  has  ac- 
quired that  temperature,  should  boil  distinctly  on  the  addition  of  a 
few  small  pieces  of  glass. 

"  Test. — If  10  gm.  of  spirit  of  nitrous  ether  be  macerated  with  1.5 
gm.  of  potassa  for  twelve  hours,  with  occasional  agitation,  the  mix- 
ture then  diluted  in  a  beaker  with  an  equal  volume  of  water,  and 
sot  aside  until  the  odor  of  alcohol  has  disappeared,  then  slightly 
acidulated  with  diluted  sulphuric  acid,  and  a  solution  of  0.335  gm. 
of  permanganate  of  [lotassium  gradually  added,  the  color  of  the 
whole  of  this  solution  should  be  discharged  (presence  of  at  least  4 
per  cent,  of  real  ethyl  nitrite)." 

The  nitrous  radical  may  be  detcctcsd  by  adding  sulphate  of  ii'on 
and  sulphuric  acid  to  sonu^  of  the  spirit  of  nitrous  ether,  a  brown 
or  black  compound  being  produced,  already  explained  in  connection 
with  nitric  acid  (p.  286).^ 

The  chief  reactions  in  the  above  process  consist  in  the  reduction 
of  the  nitric  radical  (NO.,)  to  the  nitrous  (NO.J  by  some  of  the  hot 
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spirit,  and  tho  combination  of  the  nitrous  radical  with  the  ethyl  of 
more  of  tho  spirit. 

Acetic  Ether,  or  Acetate  of  Ethyl. 

To  a  little  dried  acetate  of  sodium,  in  a  test-tube,  add  a 
small  quantity  of  rectified  spirit  of  wine  and  some  sulphuric 
acid,  and,  adapting  a  long  bent  tube  in  the  usual  manner,  heat 
the  test-tube,  and  so  distil  over  acetic  ether,  which  may  be 
collected  in  another  test-tube  kept  cool  by  partial  immersion  in 
cold  water. 

The  official  proportions  {JEthcr  Ace/icus,  B.  P.)  are  8  parts  of 
dried  acetate  of  sodium,  5  of  spirit,  and  10  of  acid.  It  is  purified 
from  any  water  by  shaking  in  a  bottle  with  fused  chloride  of  calcium, 
and,  after  twenty-four  hours,  rectifying.  "  Sp.  gr.  0.910.  Boiling- 
point  166°  F." 

C2H5IIO  +  NaC^HjO^  -I-  n,SO,  =  CJifiJifi^   +  NaHSO, 

Hydrate  of  Acetate  of       Sulpliate  of         Acetate  of  Siilpliate  of  sodium 

ethyl.  sodium.  hydiogeu.  ethyl.  aud  hydrogeu. 

+  11,0 

Water. 

The  JEther  Aceticus,  U.  S.  P.,  has  a  sp.  gr.  of  0.889  to  0.897 ; 
boiling-point  76°  C.  (168.8°  F.).  When  10  c.c.  are  agitated  with  an 
equal  volume  of  water,  in  a  graduated  test-tube,  the  upper,  ethereal 
layer,  after  its  separation,  should  not  measure  less  than  9  c.c. 

Iodide  of  Ethyl  (EtI)  may  be  prepared  by  mixing  two  or 
three  parts  of  phosphorus  with  100  of  absolute  alcohol,  and 
then  dropping  in  iodine  gradually  until  about  200  parts  have 
been  added. 

5EtH0    +    PI5    =    5EtI    +    H3PO4    +  H.,0 

Alcohol.  lodiile  of  Iodide  of  Phosphoric  Water. 

Iihosphorus.  ethyl.  acid. 

The  reaction  at  first  proceeds  rapidly,  and  is  complete  after 
the  mixture  has  been  set  aside  for  a  few  hours.  The  iodide  of 
ethyl  may  then  be  isolated  by  careful  distillation,  freed  from 
any  excess  of  iodine  by  washing  with  a  very  small  quantity  of 
solution  of  potash  or  soda,  washed  with  water,  dried  over  chlo- 
ride of  calcium,  and  again  distilled.  It  should  be  kept  in  a 
dark  place,  as  light  favors  decomposition  and  liberation  of 
iodine. 

Bromide  of  ethyl  (CiHsBr),  or  liydrohromic  ether,  may  be 
similarly  prepared.  For  its  preparation  on  a  large  scale  De 
Vrij's  method  is  preferable,  EtHSO^  +  KBr  =  EtBr  + 
KHSOi  (.s-ee  r/iarm.  Jonrn.,  Feb.  15,  1870),  or  the  same 
method  as  modified  by  Greene  {P.  J.,  July  12,  lS7f)  ;  by 
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Remington  (^P.  J.,  May  2D,  1880);  or  by  Wolff  (P.  J.,  July 
3,  1S8U). 

Etiiyf,. — This  gaseous  radical,  (C.JTs).^  or  Et^,  is  obtained 
on  digesting  togcthor,  at  about  250°  F.,  in  a  strong  sealed 
tube,  dry,  freshly  granulated  zinc  with  iodide  of  ethyl  (Frank- 
land). 

Zn    +    2EtI    =    Znl,    +  Et, 

Ziuc.  Iodide  of  loilide  of  Etli^'l. 

etbj'l.  ziiiC. 

On  cautiously  opening  the  tube  the  ethyl  escapes,  and  may  be 
ignited  or  collected  over  water.  There  remains  with  the  iodide 
of  zinc  a  body  termed  by  Frankland  zinc-ethyl  (ZnEt,)  ;  it  is 
a  spontaneously  inflammable  liquid,  but  may  easily  be  distilled 
and  otherwise  manipulated  if  a  few  simple  precautions  be  ob- 
served. If  water  be  allowed  to  flow  down  the  tube,  the  solid 
compound  of  iodide  of  zinc  and  zinc-ethyl  will  be  decomposed, 
a  gas,  hydri(h  of  ethyl  (EtH),  resulting,  which  also  may  be  in- 
flamed or  collected  over  water  : — 

ZnEt,    -h    2II2O    =    Zn2H0    +  2EtH. 


QUESTIONS  AND  EXERCISES. 

765.  Describe  the  official  process  for  the  preparation  of  Ether, 
giving  equations. 

766.  Offer  a  physical  explanation  of  the  mode  of  producing  local 
anaesthesia. 

767.  How  is  commercial  ether  purified? 

768.  Explain  the  official  process  for  the  preparation  of  Spirit  of 
Nitrous  Ether. 

769.  Give  the  properties  of  spirit  of  nitrous  ether. 

770.  By  what  official  method  is  the  strength  of  Spirit  of  Nitrous 
Ether  estimated  ? 

771.  How  is  iodide  of  ethyl  made? 

772.  Adduce  evidence  of  the  existence  of  ethyl. 


OTHER  ALCOHOL  RADICALS  AND  THEIR  SALTS. 

AVhat  has  been  stated  concerning  the  choniistry  of  ctliyl  and  its 
compounds  may  bo  appli(;(l  to  othi-r  radicals  known  to  exist,  some  of 
the  coinfjoundu  of  each  of  wliicli  are  of  common  occurrence.  These 
basylous  radicals  are  closely  relat(!d  to  eacli  other,  to  hydrogen,  and 
to  the  metals.  Their  foriiiula;  in  the  coml)incd  state  may  be  built 
up  Vjy  successive  additions  of  ClI,,  thus: — 

.37  * 
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Hydrogen   H 

Methyl   CH3,   or  Me 

Ethyl    CJIj,  orEfi 

Propyl  (or  Trityl)   C3II',,  or  Pr 

Butyl  (or  Tetryl)    CJI^,  or  Bu 

Amyl    C5H,,,  or  Ay 

Caproyl  (or  Hexyl)   CgH-,3,  or  Cp 

The  above  list  is  an  illustration  of  an  homologous  series  (from 
6/;6f,  homos,  the  same,  and  Adyqc,  logos,  proportion)  of  compounds. 
It  will  be  observed  that  the  relation  of  the  number  of  hj'drogen  atoms 
to  carbon  is  twice  as  many,  with  one  added  ;  hence  the  sei-ies  is  often 
termed  the  C^Hjj^+i  series  [n  =  any  number).  The  oxides  of  these 
radicals  are  known  as  ethers,  their  hydrates  alcohols,  their  compounds 
with  the  acetic  and  similar  acidulous  radicals  ethereal  salts.  Every 
alcohol  fui-nishes  a  body  corresponding  to  the  aldebyd  of  spirit  of 
wine,  the  class  being  termed  aldehyds ;  each  also  yields  an  acid  cor- 
responding with  acetic  acid.  Any  one  of  these  classes  constitutes 
an  homologous  series.  Or,  taking  the  hydride,  oxide,  hydrate,  acid, 
of  any  single  radical,  we  get  a  heterologous  (erepoc,  heteros,  another) 
series  of  compounds.  Hydride  of  methyl  (MeH  or  CH3H)  is  ordi- 
nary marsh-gas,  fire-damp  or  light  carburetted  hydrogen ;  it  is  a 
diluent  or  non-luminiferous  constituent  of  ordinary  coal-gas  to  the 
extent  of  30  or  40  per  cent.  ;*  formic  acid,  the  acid  of  the  methyl 
series ;  butyric  acid,  the  acid  of  the  butyl  series :  sulphocyanaie  of 
butyl,  the  essential  oil  of  horseradish ;  valerianic  acid,  the  acid  of 
the  amyl  series. 


Homologous  and  Heterologous  Series  of  the  C„H2„+i  Radicals. 


lladicals 
(free). 

Hydrides. 

Oxides 
(or  ethers). 

Hydrates 
(or  alco- 
hols). 

Aldehyds. 

Acids. 

(CH3  \ 

(C3H7  )2 

(CJio  ), 

(C5H„)3 

etc. 

C  H3  H 
C2H5  H 

CgH^  H 
C  Jig  H 

C,H„H 
etc. 

(C  H3  ),0 
(C,H5  ),0 
(C,H,  ),0 
,(C,H,  ),0 
(C5Hn),0 
etc. 

C  H3  HO 
C  JI5  HO 
CJI,  HO 
CJIg  HO 
C,H„HO 
etc. 

CH^O? 
C.H^  0 
C,Hr.  0 

cXo 
c.ii.oO  • 

etc. 

CH,  Oj 
CJI,  O2 
CjHeO, 
CJIgO, 

cji-oo; 

etc. 

*  Coal-gas. — The  other  diluents,  or  vehicles  for  the  conveyance  of 
illuminating  vapors  of  coal-gas,  are  hydrogen  (40  to  50  per  cent.)  and 
carbonic  oxide  (6  to  7  per  cent.).  The  illuminating  constituents  are 
defiant  gas  (p.  453)  and  its  homologues,  existing  to  the  extent  of  from 
5  to  7  per  cent.  Hydrocarbons  normally  fluid,  but  kept  in  the  vapor- 
ous condition  by  the  diluents,  also  contribute  materiallj'  to  the  illu- 
minating power  of  gas.  The  impin-ities  are  nitrogen,  air,  carbonic 
acid,  bisulphide  of  carbon,  and  badly-smelling  sulphur  comiJounds. 
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QUESTIONS  AND  EXERCISES. 

773.  Mention  several  radicals  homologous  with  ethyl,  and  give 
their  formulas. 

774.  Dodne  ethers,  hydrides,  alcohols,  ethereal  salts,  aldehyds. 

775.  What  is  the  dift'erence  between  homologous  and  heterologous 
series  ? 

776.  Give  the  systematic  name  of  fire-damp. 

111.  Enumerate  the  chief  constituents  of  coal-gas. 

778.  State  the  formula)  of  formic,  butyric,  and  valerianic  acids. 

779.  AVritc  the  formulae  of  butyl,  its  hydride,  ether,  alcohol, 
aldehyd,  and  acid. 


METHYLIC  ALCOHOL. 

Mkthvlic  Alcohol  (CII3IIO,  or  MellO),  Wood-Spirit,  or  Pyroxv- 
Lic  Spirit,  or  Wood-Naphtha,  is  a  product  of  the  destructive  dis- 
tillation of  wood.  Spirit  of  wine  containing  10  per  cent,  of  wood- 
spirit  constitutes  ordinary  methijlated  spirit,  a  spirit  issued  duty 
free  for  the  use  of  manufacturers,  the  methylic  alcohol  not  inter- 
fering Avith  technical  applications.  From  its  nauseous  taste  and 
odor,  however,  it  cannot  take  the  place  of  gin,  brandy,  or  other 
spirit;  hence,  while  industry  is  benefited,  intemperance  is  dis- 
couraged and  the  revenue  not  injured. 

Detection  of  Metliylic  Alohol  in  Presence  of  Etliylic  Aholwl. 
— Three  or  four  methods  have  been  proposed  for  the  detection 
of  methylated  spirit  in  various  liquids ;  that  open  to  least  ob- 
jection is  by  J.  T.  Miller.  For  the  application  of  the  test  to 
tinctures  and  similar  spirituous  mixtures,  some  of  the  spirit  is 
first  separated  by  distilling  off  a  drachm  or  so  from  about  half 
an  ounce  of  the  liquid  placed  in  a  small  flask  or  test-tube  hav- 
ing a  long  bent  tube  attached.  Into  a  similar  apparatus  put 
3(J  grains  of  powdered  red  chromate  of  potassium,  half  an 
ounce  of  water,  25  minims  of  strong  sulphuric  acid,  and  30  or 
40  minims  of  the  spirit  to  be  tested.  Set  the  mixture  aside 
for  a  quarter  of  an  hour,  and  then  distil  nearly  half  a  fluid- 
ounce.  Place  the  distillate  in  a  small  dish,  add  a  very  slight 
excess  of  carbonate  of  sodium,  boil  down  to  about  a  quarter 
of  an  ounce,  add  enough  acetic  acid  to  impart  a  distinct  but 
feeble  acid  reaction,  pour  the  li([uid  into  a  test-tube,  add  a 
grain  of  nitrate  of  silver  dissolved  in  about  30  drops  of  water, 
and  heat  gently  for  a  couple  of  minutes.  If  the  liquid  then 
merely  darkens  a  little,  but  continues  quite  translucent,  the 
spirit  is  free  from  methylic  alcohol ;  but  if  a  copious  precipi- 

TTpward  of  fifty  distinct  chemical  substances  liave  been  obtained  from 
the  solid,  licpiid,  and  gaseous  products  of  the  destructive  distillation 
of  coal. 
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tate  of  dark-brown  or  black  metallic  silver  separates,  and  the 
tube,  after  being  rinsed  out  and  filled  with  clear  water,  has  a 
distinct  film  of  silver,  which  appears  brown  by  transmitted 
light  (best  seen  by  holding  it  against  white  paper),  the  spirit 
is  methylated. 

Explanation. — This  test  depends  for  its  action  on  the  reducing 
powers  of  formic  acid.  In  the  above  operation  the  ethylic  alcohol 
becomes  oxidized  to  acetic  acid  (the  natural  acid  of  the  ethyl  series), 
which  does  not  reduce  silver  salts,  a  minute  quantity  only  of  formic 
acid  being  produced,  while  the  methylic  alcohol  yields  formic  acid 
(the  natural  acid  of  the  methyl  series)  in  a  comparatively  large 
quantity.  Aldehyd,  which  is  also  a  reducing  agent,  is  simultan- 
eously produced,  but  removed  in  the  subsequent  ebullition  with  car- 
bonate of  sodium. 

Methylated  Sweet  Spirit  of  Nitre. — The  preparation  of  spirit 
of  nitrous  ether  from  methylated  spirit  is  illegal  in  Great  Britain. 
For  the  detection  of  methylic  alcohol  in  this  liquid,  Mr.  Miller 
suggests  the  following  modification  of  the  above  process : — 

Shake  about  an  ounce  of  the  sample  with  20  or  .30  grains  of 
anhydrous  carbonate  of  potassium,  and,  if  needful,  add  fresh 
portions  of  the  salt  until  it  ceases  to  be  dissolved,  then  pour 
ofi"  the  supernatant  spirit.  This  serves  to  neutralize  acid  and 
to  remove  water,  of  which  an  abnormal  quantity  may  be  pres- 
ent. Introduce  half  a  fluidounce  of  the  spirit  into  a  small 
flask ;  add  150  grains  of  anhydrous  chloride  of  calcium  in 
powder,  and  stir  well  together;  then,  having  connected  the 
flask  with  a  condenser,  place  it  in  a  bath  of  boiling  water  and 
distil  a  fluidrachm  and  a  half,  or  continue  the  distillation  until 
scarcely  anything  more  comes  over.  The  operation  is  rather 
slow,  but  needs  little  attention,  and  should  be  done  thoroughly. 
The  distillate  contains  nearly  the  whole  of  the  nitrous  ether 
and  other  interfering  substances,  while  in  the  retort  there  re- 
mains a  non-volatile  compound  of  chloride  of  calcium  and 
methylic  alcohol,  if  the  latter  be  present.  Now  add  to  the 
contents  of  the  flask  a  fluidrachm  of  water,  which  decomposes 
the  compound  just  referred  to,  and  draw  over  the  half  drachm 
of  spirit  "required  for  testing.  Add  to  it  the  usual  oxidizing 
solution  composed  of  30  grains  of  red  chromate  of  potassium, 
25  minims  of  strong  sulphuric  acid,  and  half  an  ovince  of  wa- 
ter ;  let  the  mixture  stand  a  quarter  of  an  hour,  then  distil 
half  a  fluidounce.  Treat  the  distillate  with  a  slight  excess  of 
carbonate  of  sodium,  boil  rapidly  down  to  two  fluidrachms, 
and  drop  in,  cautiously,  enough  acetic  acid  to  impart  a  faint 
acid  reaction;  pour  the  liquid  into  a  test-tube  about  three- 
quarters  of  an  inch  in  diameter;  add  two  drops  diluted 
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acetic  acid,  and  one  grain  of"  nitrate  of  silver  in  lialfa  draclini 
of  pure  water;  apply  heat,  and  boil  gently  for  two  minutes. 
If  the  spirit  is  free  from  methylic  alcohol,  the  solution  darkens 
and  often  assumes  transiently  a  purplish  tinge,  but  continues 
quite  translucent,  and  the  test-tulae,  after  being  rinsed  out  and 
filled  with  water,  appears  clean  or  nearly  so.  But  if  the  spirit 
contains  only  1  per  cent,  of  methylic  alcohol,  the  liquid  turns 
first  brown,  then  almost  black  and  opaque,  and  a  film  of  silver, 
which  is  brown  by  transmitted  light,  is  deposited  on  the  tube. 
When  the  sample  is  methylated  to  the  extent  of  3  or  4  per 
cent.,  the  film  is  sufficiently  thick  to  form  a  brilliant  mirror. 
To  ensure  accuracy,  the  experiments  should  be  performed  by 
daylight. 

CHLOEOFORM. 

Formula  CHCla. 

Procrss. — Should  the  necessary  appliances  be  at  hand,  a 
small  quantity  of  this  liquid  may  easily  be  prepared  by  the 
official  process.  One  fluidounce  and  a  half  of  sjiirit  and  24  of 
water  are  placed  in  a  retort  or  flask  of  at  least  a  quart  capacity  ; 
8  oz.  of  chlorinated  lime  and  4  of  slaked  lime  are  added,  the 
vessel  connected  with  a  condenser,  and  the  mixture  heated 
until  distillation  commences,  the  source  of  heat  then  being 
withdrawn.  The  condensed  liquid  should  fall  into  a  small  flask 
containing  water,  at  the  bottom  of  which  about  a  drachm  of 
chloroform  will  slowly  collect. 

Explanaiion  of  the  Process. — The  hypochlorite  of  calcium  believed 
to  he  present  in  the  chlorinated  lime  (see  the  remarks  in  connec- 
tion with  the  latter,  p.  Ill)  readily  yields  up  oxygen  and  chlorine 
to  ori^iinic  substances,  the  calcium  being  liberated  as  hydrate, 
4(CaX'10)  + 411,0  ^4(Ca2IIO)  +  202  +  4Cl2.  The  alcohol  used 
in  making  chloroform  is  thus  reduced  first  to  aldehyd : — 

2C.,H„0    +    0^    =   2C,H,0    +  2llfi 

Alcohol.  Oxjgen.  AUlehjcI.  Water. 

The  action  of  chlorine  on  aldehyd  then  probably  gives  chloral 
(c/«for-«/dehyd) : — 

cyr.o  +  3CI2  =  cjici^o  +  srici 

Aldehyd.  Chlorine.  (Jhlorul.        Hydrochloric  acid. 

The  hydrochloric  acid  being  at  once  neutralized  by  some  of  the 
liberated  liydratc  of  calcium  to  form  cldori(l(!  of  calcium  and  water, 
more  freed  hydrate  of  calcium  and  chloral  gives  fornuitc  of  calcium 
and  chloroforiri. 


2(\\\V\0    +    Ca21I0  - 

Chloral.  Hydrates  of 


Ca2CTI02    +  2CirCI,, 
Forinati^  ol  Chloroform, 
calcium. 
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Or,  neglecting  the  probable  steps  in  the  process,  and  regarding 
only  the  materials  and  the  products,  4  molecules  of  alcohol  and  8 
of  hypochlorite  of  calcium  give  two  of  cliloroform,  3  of  formate  of 
calcium,  5  of  chloride  of  calcium,  and  8  of  water,  thus: — 

4C,H„0  +  8CaCl,0.,  =  2CHC1,,  +  3(Ca2CIIO,,)  +  SCaCl^  +  811,0 

Alcohol.       Hypocliloi  itu      Chloioforiii.         Formutu  of        Chloride  of  Water, 
of  calcium.  calcium.  calcium. 

The  hydrate  of  calcium  placed  in  the  generating-vessels  is  not 
essential,  but  is  useful  in  preventing  secondary  decompositions,  the 
hydrate  of  calcium  obtainable  from  the  reaction  being  insufficient 
for  this  purpose. 

Constitution. — Chloroform  is  sometimes  considered  to  be  the  chlo- 
ride of  a  trivalent  radical  formyl  (CH),  the  first  member  of  a  series 
C,JI.,„_i.  Glycerin  is  the  hydrate  of  another  member — ylyceryl, 
C3II:  (p.  453). 

Chloroform  may  also  be  regarded  as  the  chloride  of  di-chlor- 
methyl ;  it  may  be  formed  from  methylic  compounds,  thus : — 

2CI-I,0  +  2(CaCI.„CaCl20.,)  =  2CIICI3  +  CaCl,3CaO  +  311,0 

Jletliylic  Chlorinated  Chloroform.       Oxychloride  of  Water, 

alcohol.  lime.  calcium. 

Chlorine  converts  it  into  tetrachloride  of  carbon,  completing  a 
series  of  substitution  products  of  chloride  of  methyl. 

C  I  n  1  CI     C  I II  1  CI     C  {  CI  1  CI     C  I  CI  1  CI    or  CCb 
[llj  [Clj  [Cl]  (Clj 

Cliloriilo  of         Cliluride  of         Chloride  of         Chloride  of  Tetrachlo- 
methyl.  mono-chlor-  di-chlor-  tri-chlor      or     ride  of 

metliyl.  methyl.  methyl.  carbou. 

The  chloride  of  mono-chlor-methyl,  under  the  name  of  dichloride 
of  methylene,  has  been  used  as  an  anaesthetic.  It  may  be  obtained 
by  the  action  of  nascent  hydrogen  on  chloroform. 

Chlnroforni  is  purified  by  shaking  it  with  pure  sulphuric  acid 
containing  no  trace  of  nitric  acid,  which  chars  and  removes  h\'dro- 
carbons,  etc.,  but  does  not  affect  chloroform.  It  is  freed  from  any 
trace  of  acid  by  agitation  with  carbonate  of  sodium,  and  from  moist- 
ure by  distillation  with  lime. 

Properties. — The  sp.  gr.  of  purified  chloroform  is  1.500.  It  is 
liable  to  slowly  decompose  when  exposed  to  air  and  light.  To  ren- 
der it  stable  a  minute  amount  of  alcohol  (one-tenth  of  1  per  cent. — 
0.1,  or  at  most  1  per  cent.)  is  necessary;  hence  the  specific  gravity 
of  medicinal  chloroform  is  about  1.497  (1.485  to  1.490,  Chloroform- 
um  Purificutv.in,  U.  S.  P.).  It  readily  and  entirely  volatilizes  at  com- 
mon temperatures,  having,  to  the  last  drop,  its  pleasant  characteri.'*- 
tic  odor.  It  has. a  sweetish  taste,  is  limpid,  colorless,  soluble  in 
alcohol  (1  to  9  gives  Spirifus  C hloroformi,  U.  S.  P.)  and  ether,  and 
slightly  in  water.  It  burns  with  a  sluggish  green  smoky  flame. 
It  should  be  neutral  to  test-paper,  indicating  absence  of  acid  ;  give 
no  precipitate  with  solution  of  nitrate  of  silver,  indicating  absence 
of  ordinary  chlorides ;  remain  colorless  when  heated  with  potash, 
indicating  absence  of  aldehyd ;  and  give  no  color  to  any  sulphuric 
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acid  with  which  it  may  ho  shakon,  even  after  the  mixture  lias  Ijcon 
sot  aside  for  half  an  hour,  indicating  ahsonce  of  hydrocarbons,  etc. 
Alcohol  may  he  detected  by  Liebeu'a  tost  (p.  4l29),  or  by  shaking 
with  a  little  of  the  dye  termed  "  llofmann's  violet,"  wliich  gives  the 
chloroform  a  purple  tint  if  alcohol  be  present,  but  afibrds  no  color 
with  pure  chloroform. 

C'oDunercial  C Iduroforni  {Chloroformmn  Venale,  U.  S.  P.)  should 
have  a  sp.  gr.  "  not  lower  than  1.470  at  15°  C." 

Aqi(a  C/dorqf'ormi,  B.  P.,  the  ofScial  chloroform-water,  is  made 
by  shaking  1  tluidrachm  of  chloroform  with  25  ounces  of  distilled 
water  till  dissolved. 

Iodoform  (Todoformnm,  U.  S.  P.),  analogous  in  constitution  to 
chloroform,  the  iodine  taking  the  phice  of  the  chlorine  (CHI3),  may 
be  prepared  by  mixing  in  a  retort  2  parts  of  crystallized  carbonate 
of  sodium,  1  to  2  parts  of  iodine,  1  part  of  alcohol,  and  10  of  water, 
heating  at  about  150°  F.  till  colorless,  and  then  pouring  into  a  beaker 
and  allowing  to  settle.  The  iodoform  is  deposited  in  yellow  scales, 
which  are  collected  on  a  filter,  washed  thoroughly  with  water,  and 
dried  between  filtering-paper. 

Iodoform  appears  in  the  shape  of  yellow,  shining  six-sided  scales 
witii  a  saffron-like  odor  ;  is  volatile  at  ordinary  temperatures,  and  at 
a  temperature  above  250°  is  decomposed,  giving  off  violet  vapors. 
Almost  insoluble  in  water,  but  more  so  in  alcohol,  ether,  and  the 
fixed  and  volatile  oils.    Sp.  gr.  2.000. 

CHLORAL  AND  CHLORAL  HYDRATE. 

P/ocr.ss. — Pass  a  rapid  stream  of  di*y  chlorine  into  pure  ab- 
solute alcohol  so  long  as  absorption  occurs.  During  the  first 
hour  or  two  the  alcohol  must  be  kept  cool,  afterward  gradually 
warmed  till  ultimately  the  boiling-point  is  reached.  The  prepa- 
ration of  a  considerable  quantity  occupies  several  days.  The 
crude  product  is  mixed  with  three  times  its  volume  of  oil  of 
vitriol  and  distilled,  again  mixed  with  a  similar  quantity  of  oil 
of  vitriol,  and  again  distilled,  and  finally  rectified  from  quick- 
lime. 

Thn  formation  of  chloral  would  at  first  sight  seem  to  be  due  to  the 
production  from  the  alcohol  (CjHgO)  of  aldehyd  (C.^II,0),  through 
tho  removal  of  hydrogen  by  the  chlorine  and  the  Rul)stitution  of 
chlorine  for  hydrogen  in  the  aldehyd  (C^II^O),  with  fornuition  of 
chlor-a/de/ti/d  or  c/doral  (C,jlICl.,0).  But  the  reactions  are  far  more 
complicated,  being  somewhat  as  follows:  vVldehyd  and  hydrochloric 
acid  are  first  fonned ;  these  with  some  of  the  alcohol  give  monochlo- 
C  IT  ) 

nnated  ether,  q'^jj^qi  f  0,  which  with  more  chlorine  yields  tetra- 

^  c5 11  1 

chlorinated  ether,  q'^jjq]  [  0,  and  this  in  presence  of  water  fur- 
nishes chloral,  some  alcohol,  and  some  hydrochloric  acid  (Wurtz 
and  V'ogtl. 

Properties. — The  formula  of  chloral  is  CjIICi.jO.    It  is  a  colorless 
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liquid,  of  oily  consistojice.  Sp.  gr.  1.502.  Boiling-point  201.2°  F. 
Its  vapor  has  a  penetrating  smell,  and  is  somewhat  irritating  to  the 
eyes.  Mixed  with  water,  heat  is  disengaged,  and  solid  white,  crys- 
tallizable  hi/drotis  chloral  {Chloral i  U.  S.  P.),  or,  what  is  more 
generally,  though  somewhat  irregularly,  termed  chloral  hydrate 
(CjlIClgO,!!.^)  or  hydrate  of  chloral  {Chloral  Hydras^  B.  P.).  re- 
sults. The  latter  fuses  at  110.8°,  and  boils  at  95°' C.  or  203°  F.'  It 
sublimes  as  a  white  crystalline  powder.  Both  chloral  and  chloral 
hydi-ate  are  soluble  in  water,  alcohol,  other,  and  oils.  Oils  and  fats 
are  also  soluble  in  chloral  hydrate.  The  aqueous  solution  should 
be  neutral,  and  give  no  reaction  with  nitrate  of  silver.  Chloral, 
especially  if  it  contains  a  trace  of  acid,  may  undergo  a  spontaneous 
change  into  an  opaque,  white  isomeric  modification  (metachloral), 
insoluble  in  water,  alcohol,  or  ether,  but  convertible  by  prolonged 
contact  with  water  or  by  distillation  into  the  ordinary  condition. 
By  action  of  weak  alkalies  chloral  first  yields  formate  of  the  alkali- 
metal  and  chloroform  : — 

CJIClgO  +  KHO  =  KCHOj  +  CHCI3. 

Chloral,  or  rather  strong  aqueous  solution  of  chloral  hydrate  (-3  in 
4),  injected  beneath  the  skin  yields  nascent  chloroform  by  action  of 
the  alkali  of  the  blood,  and  produces  narcotic  effects  (Liebreich, 
Personne).  Chloroform  itself  admits  of  similar  hypodermic  use 
(Richardson).  If  administered  by  the  stomach,  30  to  80  grains  of 
solid  hydrate  are  required.  The  final  products  of  the  reaction  of 
the  chloroform  and  blood  are  formate  and  chloride  of  sodium.  A 
sjjirituous  solution  of  potash  effects  the  same  transformation. 

CHCI3  +  4KII0  =  ECHO,  +  3KC1  +  2HjO. 

Solution  of  ammonia  and  moist  hydrate  of  calcium,  as  well  as 
weak  solutions  of  fixed  alkalies,  convert  hydrate  of  chloral  into 
formate  of  the  metal  and  chloroform.  The  reaction  with  the  slaked 
lime  being  especially  definite  and  complete  (Wood),  it  may  be  em- 
ployed in  ascertaining  the  richness  of  a  sample  of  commercial  chloral 
hydrate  in  chemically  pure  chloral  hydrate. 

2(CJICl30,Il20)  -f  Ca2H0  =  2CIICI3  +  Ca2CH02  +  2B.fi. 


331  239 

From  the  foregoing  equation  and  molecular  weights  it  is  obvious 
that  100  grains  of  hydrate  of  chloral,  if  quite  dry,  will  yield  by 
distillation  with  30  gi-ains  of  slaked  lime  and  an  ounce  of  distilled 
water  (in  a  small  flask  and  long  bent  tube  kept  cool  by  moistened 
paper)  72.2  grains  of  chloroform  by  weight  or  (the  sp.  gr.  of  chloro- 
form being  taken  at  1.497)  47.56  grains  by  measure,  or  about  52 
minims.  One  hundred  grains  of  the  official  hydrate  of  chloral 
"  should  yield  not  less  than  70  grains  of  chloroform." 

Pure  Chloral  Hydrate. — Licljreich,  wiio  first  proposed  the  use  of 
chloi-al  hydrate,  gives  the  following  as  the  characteristics  of  a  pure 
article  :  Colorless,  transparent  crystals.  Does  not  decompose  by  the 
action  of  the  atmosphere,  docs  not  leave  oily  spots  when  pressed  be- 
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tweoii  ))!ottin^-paper,  afTects  neither  cork  nor  paper.  Smells  aurec- 
iiblv  aroniatie,  but  a  little  pungent  when  heated.  Taste  bitter, 
astringent,  slightly  caustic.  Seems  to  molt  on  rubbing  between  the 
fingers.  Dissolves  in  water  like  candy  without  first  forming  oily 
drops,  and  the  solution  is  neutral  or  faintly  acid  to  test-paper.  Dis- 
solves in  bisulphide  of  carbon,  petroleum,  ether,  water,  alcohol,  oil 
of  turpentine,  etc.  Its  solution  in  chlorofoi-m  gives  no  color  when 
shaken  with  sulphuric  acid.  Boiling-point  203°  to  205°  F.,  and  vol- 
atilizes without  residue.  Distilled  with  sulphuric  acid,  the  chloral 
should  pass  over  at  205°  to  207°  F.  Melting-point  133°  to  136°  F., 
again  solidifying  at  about  120°  F.  Gives  no  chlorine  reaction  on 
treating  the  solution  in  water  (asidulated  by  nitric  acid)  with  nitrate 
of  silver. 

Impure  Chloral  Hi/drate. — Yellowish,  cloudy.  Decomposes ;  leaves 
spots  by  pressing  between  blotting-paper ;  decomposes  corks  and 
paper  of  the  packing.  Smells  pungent  and  irritating ;  on  opening 
the  bottles  sticky  and  often  omits  fumes.  Taste  strongly  caustic. 
With  water  forms  oily  drops  or  is  partially  insoluble.  Boils  at  a 
higher  temperature.  On  treating  it  with  sulphuric  acid  turns  brown, 
with  formation  of  hydrochloric  acid.  Gives  chlorine  reaction  on 
treating  the  solution  in  water  (acidulated  by  nitric  acid)  with  niirato 
of  silver. 

Alcoholates  of  chloral  arc  obtained  on  combining  alcohols  with 
chloral.  They  are  more  soluble  in  chloroform  than  the  hydrate, 
which  di.ssolves  to  the  extent  of  1  in  4. 

Bromal  (CjIIBrjO),  hi/drate  ofbromal  (C2HBr30,H^O),  and  alcohol- 
ates nf  bromal  ai-e  produced  when  bromine  itstead  of  chlorine  attacks 
alcohol.    lodal  (C.^lIIjO)  also  exists. 

BiUijl  chloral  (C  jHjCl.jO),  originally  but  erroneously  termed  croton 
chloral,  is  a  product  of  the  action  of  chlorine  on  aldehyd.  Its  name 
expresses  its  constitution ;  it  is  chlorinated  butyric  aldehyd,  ordinary 
chloral  being  chlorinated  vinic  aldehyd. 

AMYLIC  ALCOHOL. 

Amvi.ic  Alcohol  {Alcohol  Anujlicum,  B.  P.)  (C,H,,TIO,  or  AyllO) 
is  a  constant  accompaniment  of  ethylic  or  common  alcohol  (C.jltgllO, 
or  EtllO)  when  the  latter  is  prepared  from  sugar  which  has  been 
derived  from  starch  ;  hence  the  name,  from  amyhim,  starch.  The 
sugar  of  potato-starch  yields  a  considerable  quantity  ;  hence  the 
alcohol  is  often  called  potato  oil.  It  is  also  termed  J'ousel  oil,  or 
faxd  oil  (from  (j>vu,]>hud,  to  produce),  in  allusion  to  the  circumstance 
that  the  supposed  oil  is  not  simply  educed  from  a  su])stan(;o  already 
containing  it,  as  is  usually  tlie  case  with  oils,  but  is  actually  pro- 
duced during  the  operation.  It  was  described  as  oil,  probal)ly  be- 
cause it  resembled  oil  in  not  readily  mixing  with  water ;  but  it  is 
solul)lo  to  some  extent  in  water,  and  is  a  true  spirit,  homologou.s 
with  spirit  of  wine.  It  often  contains  variable  proportions  of  pro- 
pylic,  hutylic,  and  caproylic  alcohols.    Sec  also  Valkkianic  Acid. 

Amylic  aUiolinl  is  a  "colorhiss  liquid,  with  a  penetrating  and  op- 
pnwsive  odor,  and  a  ))urning  taste.  When  pur(!  its  sp(H;ifi(i  gravity  is 
0.818  ;  boiling-point  279°  F.  Sparingly  soluble  in  water,  Itut  soluble 
38 
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in  all  proportions  in  alcohol,  ether,  and  essential  oils.  Exposed  to 
the  air  in  contact  with  platinum-black,  it  is  slowly  oxidized,  yieldinj^ 
valerianic  acid."  Two  allotropic  varieties  of  aiiiylic  alcohol  exist, 
one  dextro-rotating  a  polarized  ray.  The  aniylic  alcohol  of  trade 
probably  contains  both  varieties. 

Acetate  op  Amyl  (C5H,iC2H..jO.^,  or  AyX). — To  a  .small 
quantity  of  amylic  alcohol  in  a  test-tube  add  some  acetate  of 
potassium  and  a  little  sulphuric  acid,  and  warm  the  mixture ; 
the  vapor  of  acetate  of  amyl  is  evolved,  recognized  by  its 
odor,  which  is  that  of  the  jargonelle  pear.  If  a  coiiden.sirig- 
tube  be  attached,  the  essence  may  be  distilled  over,  washed  by 
agitation  with  water  to  free  it  from  alcohol,  and  separated  by 
a  pipette. 

KA  -f  AyHO  +  H,S04       AyA  +  KHSO,  +  H.,0 

Acetate  of        Aniylic  Sulpliuric       Acetate  of    Acid  siiljiliate  Water, 

potassium.       alcoliol.  acid.  auiyl.        ol  iwtassiuiu. 

Fruit-Essences. 

Acetate  of  amyl,  prepared  with  the  proper  equivalent  proportion.^ 
of  constituents  as  indicated  by  the  above  equation,  is  largely  manu- 
factured for  use  as  a  flavoring  agent  liy  confectioners.  •  Valerianate 
of  amyl  (CjHjiCjH.iO.^)  is  similarly  us3d  under  the  name  of  apple  oil. 
Butyrate  of  ethyl  (C2H5G4H7O2)  closely  resembles  the  odor  and  flavor 
of  the  pineapple  ;  oenanthylate  of  ethyl  (C^IIjCyHj^O,)  recalls  green 
gage  ;  pelargonate  of  ethyl  (C^IIjCgllj-Oj)  quince  ;  suberate  of  ethyl 
(Et2C8H]204)  mulberry ;.  sebacate  of  ethyl  (EtjCjoHjgO^)  melon. 
Hydride  of  salicyl  (C-HjO.^jH),  or  salicylous  acid,  is  the  essential  oil 
of  meadow-sweet  {Spircea  ulmaria),  and  may  be  prepared  artificially 
by  the  oxidation  of  salicin  {vide  p.  423).  Acid  salicylate  of  methyl 
(OHaHCylliOj),  or  gaultheric  acid  {Oleum  Gaiilf/ieria',  U.  S.  P.),  forms 
the  chief  part  of  the  essential  oil  of  the  leaves  {Gaultheria,  U.  S.  P.) 
of  wintergreen  {Gaultheria  procunihens,  the  fresh  leaves  of  which 
yield  an  average  of  0.4  per  cent,  of  oil),  and  may  also  be  prepared 
artificially  from  salicin.  Salicylic  acid  (0711,503  or  IIjO^II^O,.,)  can 
easily  be  obtained  from  the  salicylate  of  methyl,  but  more  cheaply 
from  carbolic  acid.    {Vide  p.  4.51.) 

When  heated  to  about  8U°  C.  (176°  F.)  the  oil  should  not  yield  a 
colorless  distillate  having  the  characteristics  of  chloroform  or  of 
alcohol.  On  mixing  5  drops  of  the  oil  with  5  drops  of  nitric  acid, 
the  mixture  should  not  acquire  a  deep-red  color,  and  should  not 
solidify  to  a  dark-red,  resinous  mass  (abs.  of  oil  of  sassafras). 

By  mixing  ethereal  salts  with  each  other  and  with  essential  oils  in 
various  proportions  the  odor  and  flavor  of  nearly  every  fruit  may  lie 
fairly  imitated.  (For  a  set  of  formuhe  of  fruit-essences,  see  the 
FliarmaceiUical  Journal,  May  17,  187'.).) 

Nitrite  of  Amyl. 

Nitrite  of  Amvl  {Ami/l  Kifris,  V.  S.  P.)  (CJI„NO,).--For  the 
prepai-ation  of  this  substance  !RIaisch  recommends  a  modification  ol 
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Balard's  process.  Amylic  alcohol  is  first  rectified  until  pure  ;  that 
is,  until  its  boiling-point  is  about  '2~0°  F.  This  alcohol,  with  aliout 
an  e((ual  bulk  of  nitric  acid,  is  introduced  into  a  capacious  glass 
retort,  and  a  moderate  heat  is  applietl  and  very  gradually  increased. 
As  soon  as  the  mixture  a])proaches  boiling  the  fire  is  removed,  and 
the  reaction  allowed  to  continue.  If  the  application  of  the  heat  has 
been  too  rapid  or  too  long  continued,  considerable  frothing  occurs 
and  the  contents  of  the  retort  are  apt  to  foam  over.  With  a  mod- 
erate and  slowly  increased  heat  the  reaction  is  less  violent,  and  the 
temperature  rises  gradually  after  the  removal  of  the  fire  and  the 
beginning  of  boiling.  As  soon  as  the  thermometer,  inserted  in  the 
tuliulure,  rises  above  212°  F.,  the  receiver  is  changed,  the  distillate 
now  becoming  more  and  more  mixed  with  ethj'l-amylic  ether  and 
nitrate  of  amyl,  readily  perceived  by  the  change  in  odor. 

The  distillate  obtained  Ijelow  212°  F.  is  agitated  with  an  aqueous 
solution  of  hydrate  or  carbonate  of  potassium  to  remove  free  acids, 
and,  after  separation,  the  oily  liquid  is  introduced  into  a  clean  retort 
and  again  slowly  heated.  The  first  portion  coming  over  contains 
amylic  aldchyd.  When  the  very  slowly  increased  heat  has  risen  to 
205°  F.,  the  receiver  is  again  changed,  and  the  distillate  now  col- 
lected as  nitrite  of  amyl,  until  the  thermometer  reaches  212°  F., 
when  the  distillation  is  stopped. 

Nitrite  of  amyl  is  a  yellowish  ethereal  liquid;  sp.  gr.  of  liquid  is 
about  0.873,  of  vapor  4.03  ;  boiling-point  205°  F. ;  soluble  in  spirit 
of  wine,  insoluble  in  water ;  converted  by  fused  caustic  potash  into 
valerianate  of  potassium.    Exposed  to  air,  it  yields  amylic  alcohol. 


QUESTIONS  AND  EXERCISES. 

780.  Name  the  source  of  methylic  alcohol. 

781.  What  is  "methylated  spirit"? 

782.  Describe  the  method  by  which  methylated  spirit  is  detected 
in  a  tincture. 

783.  In  what  relation  does  formic  acid  stand  to  methylic  alcohol? 

784.  How  would  you  proceed  to  ascertain  whether  or  not  a  speci- 
men of  sweet  spirit  of  nitre  had  been  made  from  methylated 
spirit? 

785.  Give  details  of  the  production  of  chloroform  from  alcohol, 
tracing  the  various  steps  by  equations. 

78f).  If)  chloroform  an  ethylic  compound?  What  is  its  probable 
constitution? 

787.  How  is  chloroform  purified? 

788.  State  the  charact(!r  of  pure  chloroform. 

789.  Describe  the  redactions  that  occur  in  the  manufacture  of  chlo- 
ral and  chloral  hydrate;. 

7(10.  Wliat  is  the  nature  of  the  action  of  alkalies  on  chloral 
hydrate? 

7'.H.  Mention  the  characters  of  pure  and  impure  chloral  hy- 
drate. 

7112.  Whence  is  amylic  alcoliol  obtained  ? 
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793.  Has  valerianic  acid  any  chemical  relation  to  amylic  alcohol? 

794.  Mention  the  systematic  names  of  several  artificial  fruit- 
essences. 

795.  What  is  the  formula  of  nitrite  of  amyl,  and  how  is  it 
prepared  ? 


SALTS  AND  DERIVATIVES  OF  RADICALS  OF  OTHER 

SERIES  THAN  THE  CJL,^^,. 

What  has  been  stated  regarding  radicals  having  the  general  for- 
mula C„H2„^.^  and  their  salts  may  be  applied  to  the  radicals  of  other 
series. 

The  series  C^Hj,,-,  includes  phenyl  (C5H5),  the  so-called  hydride 
of  which  (CfilljH,  or  PhH)  is  common  benzol  or  benzene  (B.  P.),  a 
colorless  volatile  liquid  distilled  from  coal-tar,  and  a  body  which  in 
constitution  is  the  type  of  a  very  large  class  of  aromatic  organic 
bodies.  Toluol  (C,Hg),  or  methyl  benzol,  is  one  of  the  products  of 
the  distillation  of  balsam  of  Peru.  The  next  homologue,  xylol 
(CgII,g),  or  dimethyl-benzol,  is  contained  in  crude  wood-spirit  and  in 
coal-naphtha :  it  is  a  colorless  fluid,  having  an  odor  faintly  resem- 
bling that  of  benzol ;  boiling-point  282°  F. ;  sj).  gr.  .866. 

Benzol  is  a  powerful  solvent  of  grease,  and  under  the  name  of 
Benzene  Collas  was  introduced  by  M.  Collas  in  1848  for  cleansing 
stuffs.*  By  the  action  of  strong  nitric  acid  benzol  yields  nitroben- 
zol  (C,;Hj(N02)II),  a  liquid  termed,  from  its  odor,  artificial  oil  of 
hitter  almonds^  or  essence  of  mirbane.  Its  specific  gravity  is  1.20  to 
1.29.  The  odor  of  this  essence,  however,  is  not  exactly  that  of  es- 
sential oil  of  almonds,  and  its  composition  is  very  diflerent,  so  that 
it  is  not  truly  an  artificial  volatile  oil.    The  natural  oil  has  a  sp.  gr. 

*  The  light  product  of  the  distillation  of  petroleum  is  also,  unfor- 
tunately, termed  benzine,  benzin,  beiizoUne  ( Beiiziii,  U.  S,  P.,  Petrnlenm 
Seiizin,  Pelrnleuin  Ether.  CjITij,  CgHi^,  and  other  hydrocarbons  of  the 
marsh-gas  series.  Boiling-point  50°  to  60°  (J.,  122°  to  140°  F.).  It 
requires  five  or  six  times  its  bulk  of  alcohol  for  solution,  while  benzol 
dissolves  in  less  than  its  own  bulk.  Sp.  gr.  of  benzol,  about  .9;  of  ben- 
zin, 0.670  to  0.675.  Benzin,  wlien  evaporated  upon  the  hand,  should 
leave  no  odor,  and  when  evaporated  in  a  warm  dish  should  leave  no 
residue  (abs.  of  heavy  hydrocarbons).  When  boiled  a  few  minutes  w\\.h 
one-fourth  its  volume  of  spirit  of  ammonia  and  a  few  drops  of  test- 
solution  of  nitrate  of  silver,  the  aminoniacal  liquid  should  not  turn 
brown  (abs.  of  pyrogenous  products  and  sulphur  compounds). 

The  heavier,  semi-solid  purified  product  (Ci„IT.,4,  etc. )  of  the  distilla- 
tion of  petroleum,  melting  between  40°  C.  and  51°  C,  is  oflicially 
(U.  S.  P.)  termed  Petrolatum  or  Peiroleum  Oinlment.  In  trade  it  is  known 
as  one  of  the  varieties  of  VnHeline. 

If  5  gm.  of  Petroleum  Ointment  be  digested,  for  half  an  hour,  with 
5  gm.  of  soda  and  25  gm.  of  water,  the  aqueous  layer  separated,  and 
supersaturated  with  diluted  sulphuric  acid,  no  oily  substance  should 
separate  (abs.  of  fixed  oils  or  fals  of  vegetable  or  animal  origin,  or  of 
resin).  Liquefied  Petroleum  Ointment  agitated  with  sulphuric  acid 
of  sp.  gr.  1.540  should  not  acquire  a  dark  color  within  two  hours  (abs. 
of  readily  carbonized  organic  impurities). 
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of  1.04  to  1.07,  iviid  is  ti  hydrido  of  tlui  ii(!fi;ativo  radical*  l)cnzoyl 
(CjlljOU),  a  radical  derived  from  the  next  liif;lier  lioinologuo  of  plie- 
nyi  by  displacement  of  hydrogen  by  oxygen.  Nitrobcnzol  yields 
aniline  (ride  infru),  oil  of  bitter  almonds  does  not  (page  417).  On 
this  reaction  the  test  for  nitrolicmzol  is  I'ounded  (p.  451).  Diniiro- 
hcnz'il  (C,;ri3(N0.2).,Il)  may  also  be  obtained. 

The  hydrate  of  phenyl  ((.y  l.-IiO),  or  plienic  alcohol  or  j)heuol,  is  the 
phenic  acid  or  carbolic  acid  (li.^('gll^O)  of  commerce  (Acidtun  Carhol- 
iritvi,  U.  S.  P.),  a  colorless  crystalline  substance  obtained  from  coal-tar 
oil  by  fractional  distillation  between  180°  and  190°  C,  and  subsequent 
purification.  A  crystalline  hydrous  acid  (H.^Cgll^OjlI^O)  may  also  be 
obtained.  At  temperatures  above  9.5°  F.  ordinary  carbolic  acid  is  an 
oily  liquid.  It  is  only  slightly  soluble  in  water,  hut  readily  dis- 
solved by  alcohol,  ether,  and  glycerin.  In  odor,  taste,  and  solu- 
bility (and  in  appearance  when  liquefied  by  heat  or  by  the  addition 
of  5  per  cent,  of  water)  it  resembles  creasote,  a  wood-tar  product  for 
which  carbolic  acid  has  been  substituted.  Besides  hydrate  of  phe- 
nyl (Cgll^HO),  coal-tar  oil  contains  cresol,  hydrate  of  crestjl,  or  cre- 
sylic  acid  (C^II-HO),  while  wood-tar  oil  furnishes  guaiacol  (C7Hg02) 
— also  a  product  of  the  destructive  distillation  of  guaiacum  resin — 
and  creasol  (CglljoO^),  or  creasote.  Certain  coloring-matters  may  be 
obtained  by  the  oxidation  of  carbolic  acid;  ammonia,  or,  still  better, 
phenyl-ammonia  (aniline)  mixed  with  it,  and  then  a  small  quantity 
of  solution  of  a  hypochlorite,  gives  a  blue  liquid ;  a  similar  effect  is 
produced  on  dipping  a  chip  of  deal  into  carbolic  acid  (or  into 
creasote),  then  into  hydrochloric  acid,  and  afterward  exposing  it  to 
the  air.  By  the  following  tests  carbolic  acid  may  be  distinguished 
from  creasote :  The  former  hoils  only  at  370°  F.,  while  the  latter 
readily  dries  up  at  212°.  Carbolic  acid  does  not  affect  a  ray  of  polar- 
ized light;  creasote  twists  it  slightly  to  the  right.  Carbolic  acid  is 
either  solid  or  may  be  solidified  l)y  cooling ;  creasote  is  not  solidified 
by  the  cold  produced  by  a  mixture  of  hydrochloric  acid  and  sulphate 
of  sodium.  Creasote  from  coal  (impure  or  crude  carbolic  acid)  gives 
a  jelly  when  shaken  with  albumen  or  with  collodion  ;  creasote  from 
wood  {C'reasotum,  U.  S.  P.)  is  unaffected.  Coal-creasote  is  soluble 
in  solution  of  potash  and  in  the  sti'ongest  solution  of  ammonia 
(Read),  wood-creasote  scarcely  soluble.  The  coal  product  is  soluble 
in  2U  volumes  of  water,  and  a  neutral  solution  of  ferric  chloride 
strikes  a  permanent  blue  color  with  the  liquid ;  wood-creasote  is  less 
soluble  (Aqua  C'reasoli,  U.  S.  P.,  is  said  to  contain  1  in  129)  and  not 
permanently  colored  blue  l)y  ferric  chloride.  An  alcoholic  solution  of 
the  coal  oil  is  colored  brown  by  ferric  chloride,  a  similar  solution  of 
true  creasote  green.  "  If  1  volume  of  creasote  be  mixed  with  1  volume 
of  glycerin,  a  nearly  clear  mixture  will  result,  from  which  the  crea- 
sote will  1)0  separated  by  the  addition  of  1  or  more  volumes  of  water." 
— U.  S.  P.  Aqueous  solution  of  carbolic  acid  gives  a  white  precipi- 
tate with  bromine-water. 

Carbolic  acid  is  a  powerful  antiseptic  («vr2,  anti^  against,  and  afinu, 

*  Xe(i(ilive  basyloiia  organic  radicals  are  dcriveil  from  the  ordinary 
or  ponllive,  ba.sylous  organic  radicals  by  displacement  of  two  atoms  of 
hydrogen  in  the  latter  radicals  by  one  atom  of  oxygen. 
X,3  * 
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sfijm,  I  putrefy).  In  liirjro  doses  it  is  jjoisonous,  (iiitidotes  Ijciiifr 
mixture  of  olive  oil  and  castor  oil,  freely  administered,  or  a  mix- 
ture of  slaked  lime  with  about  three  times  its  weight  of  sugar 
rubbed  together  Avith  a  little  water.  ArJdinn  Carholicam  Crudum, 
U.  S.  P.,  is  the  impure  carliolic  acid  obtained  from  coal-tar  b}'  treats 
ing  it  first  with  an  alkali,  and  then  with  an  acid,  and  finally  distilling. 
It  is  of  a  brown  shade,  and  if  at  first  colorless  it  becomes  reddish- 
brown  on  pressure.  It  consists  of  carbolic  and  cresylic  acids  in 
variable  proportion,  together  with  impurities  derived  from  coal-tar : 
'jr)0  measures  of  warm  water  on  being  agitated  with  50  measures  of 
the  liquid  will  dissolve  out  the  two  acids,  and  should  not  leave  more 
than  5  measures  of  impurity  (10  per  cent.).  Carbolic  acid  is  solu1)le 
in  oil  of  vitriol,  sidphncarhulic  add  (IICiJI^SO^)  or  sidp/iojjJienic  acid 
being  formed.  On  diluting  and  mixing  with  oxides,  hydrates,  or 
carbonates,  sulphocarholates  are  formed.  The  formula  svIpJwcar- 
holate  of  sodium  {Sodii  Sidp/iocarbolas,  U.  S.  P.)  is  NaCgIl5S04, 211,0  ; 
.iidp/wrarholafe  of  zinc,  Zn(C,jIl5SO|)^Il20.  Trinitro-carbolic  acid 
(C|;H3(N0^).,0)  is  formed  on  slowly  dropping  carbolic  acid  into  fuming 
nitric  acid  ;  it  is  the  yellow  dye  known  as  carbazotic  acid  or  picric 
acid;  most  of  the  picrates  are  explosive  by  percussion.  Both  car- 
bolic acid  and  benzol  are  sccondar}'  products  obtained  in  the  manu- 
facture of  coal-gas;  hence,  indeed,  the  word  pheiiic,  and  thence 
pfien;^  I  (h-om  (palvu,  phaino,  I  light,  in  allusion  to  the  use  of  coal-gas). 

Carbolic  acid  (C„Hr,IIO)  may  be  regarded  as  benzol  in  which  one 
atom  of  hydrogen  (II)  is  displaced  hy  hydroxyl  (IIO).  "When  two 
atoms  of  hydrogen  in  benzol  are  displaced  by  two  of  hydroxyl, 
rcsorcin  (CgII^2II0)  results,  a  colorless,  crj'stalline  antiseptic  having 
many  advantages  over  carbolic  acid  in  surgical  operations.  Its  name 
was  given  in  allusion  to  its  original  source,  resin,  and  to  certain  sim- 
ilarities with  orcin.  It  occurs  in  flat  prisms  readily  soluble  in  most 
liquids.  It  may  be  made  by  passing  benzol  vapor  into  hot  sulphuric 
acid  and  heating  the  product  (benzol-disulphonic  acid,  C5lIj(S0,,I10).^) 
with  excess  of  soda. 

C„II,(SO,.NaO),    -f    2NaII0    =    CfiII,(II0)2    +  2Na.,S0., 

Benzol-rlisiilplioiiate  Soda.  KeBurcin.  Snlpli'ile  of 

of  sodium.  sodium. 

Resorcin  is  one  of  a  group  of  three  metamerlc  dihydroxyl-benzols 
(r„Il42IIO).  Their  chemical  relationships  Avai-vant  the  conclusion 
(on  the  atomic  theory)  that  the  cause  of  their  differences  in  proper- 
ties is  a  difference  of  position  of  the  tM'O  atoms  of  hydroxyl  in  the 
molecule,  these  being,  respectively,  next  to  each  other,  separated  by 
one  atom  (of  CH)  and  by  two  atoms  of  CH),  thus : — 

vno)  mio)  cYiio) 

IIC    C(IIO)  HC    CH  IIC  OH 

nc  I'll  ('(IIO)        HI]  I'll 


\l  CH  C(IIO) 

Ortlio-diliydroxyl  benzol     Meta-diliydroxyl-benzol    Pani-diliydroxj  l-bouzol 
(li.vrocutcchiu).  (resoiciu).  ^b.vdl■o(luiuoIn■). 
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Aniline,  or  pJieni/laminc,  is  a  product  of  the  action  of  nascent  hy- 
drogen on  niti-obenzol. 

CJIsNO,    +    311,    =    N  <^    II  +  211,0, 

Nitiobenzol.        Ilyilroyeu.  |  JJ 

the  substance  whence,  by  oxidation,  etc.  aniline-red  (magenta), 
-orange,  -yellow,  -green,  -blue,  -violet  (mauve),  and  -black  are  pro- 
duced. The  process  with  zinc-dust  {vide  Watt's  Diet.)  answers 
fairly  well :  1  oz.  of  uitrobenzol  gives  a  drachm  or  two  of  aniline. 
But  action  of  iron  filings  and  acetic  acid  on  an  alcohol  solution  an- 
swers better,  3  oz.  of  nitrobenzol  giving  1  oz.  of  aniline.  To  detect 
nitrobenzol  add  alcohol  and  hydrochloric  acid  and  a  little  zinc ; 
when  action  has  ceased,  liberate  aniline  by  shaking  with  excess  of 
potash ;  dissolve  out  the  aniline  by  agitation  with  ether ;  to  the 
decanted  ethereal  liquid  add  solution  of  chlorinated  lime ;  a  violet 
color  or  tint  results. 

Salici/Iic  Acid  (11,0711403)  (Aeidum  Salici/Ucum,  U.  S.  P.). — The 
natural  acid  salicylate  of  methyl  is  described  on  page  446.  Salicylic 
acid  itself  occurs  in  several  .species  of  violet  (Maudelin),  especially 
in  Pansij  ( Viola  Tricolor,  U.  S.  P.).  Artificial  salicylic  acid  is  made 
as  follows :  Carbolic  acid  (112061140),  by  acquiring  the  elements  of 
carbonic  acid  gas  (00,),  is  converted  into  salicylic  acid  (Kolbe). 
The  carbolic  acid  is  first  mixed  with  caustic  soda  in  molecular 
proportions  and  dried.  The  resulting  acid  carbolate  of  sodium 
(XaHOgll^O),  made  hot,  is  saturated  with  carbonic  gas,  every  pair 
of  molecules  of  the  carbolate  then  affording  one  of  regenerated  car- 
bolic acid,  which  distils  off,  and  one  of  normal  carbolate  of  sodium 
(Xa,0gH.,O)  which,  absorbing  the  gas,  becomes  normal  salicylate  of 
sodium  (NajOyll^O;,).  The  latter,  by  action  of  hydrochloric  acid, 
furnishes  salicylic  acid,  which  may  be  purified  by  crystallization 
from  ethylic  or  amylic  alcohol  or  ether.  Salicylic  acid,  like  car- 
bolic acid,  is  a  powerful  antiseptic,  but  is  free  from  the  ta.ste  and 
suKjll  of  carbolic  acid.  It  is  only  slightly  soluble  in  water,  but 
readily  soluble  in  aqueous  solutions  of  such  alkali-metal  salts  as 
borax,  phosphate  of  sodium,  or  citrate  of  potassium.  A  similar 
antiseptic,  crcnotic  acid  (OgHyO.,),  is  similarly  obtained  from  cre- 
sylic  acid  (C^IIgO).  Ferric  chloride  strikes  a  violet  coloration  M'ith 
both  salicylic  and  cresotic  acids.  Both  acids  have  antipyretic 
powers.  The  true  salicylates  of  the  alkali-metals,  and  probably, 
therefore,  the  crcsotatcs,  are  very  feeble  antiseptics.  Salicylate  of 
sodium  (Sodii  Salici/las,  U.  S.  P.),  2NaO,Il503,II,0,  is  fairly  soluble 
in  water.  Oarbolic  acid  often  containing  cresylic  acid,  commercial 
salicylic  acid  may  often  contain  cresotic  acid.  Salicylic  acid  is  sol- 
uble in  strong  sulphuric  acid,  yielding  colorless  sidphosalici/lic  acid 
(IlCyll-rx^SOj).  Salicylic  acid  yields  colored  substances  on  being 
nitrated  and  etherified,  etc.  If  it  affords  a  reddish  or  brownish  tint 
when  its  aqueous  solution  is  shaken  with  chlorate  of  potassium  and 
hydrochloric  acid,  and,  afterward,  ammonia,  carbolic  acid  is  present. 

Aloitin. — The  aloes  {Aloe,  U.  S.  P.)  of  pharmacy  (from  Aloe  Soco- 
trina)  is  an  evaporated  juitie,  doubtless  much  altered  by  the  tern- 
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perature  to  which  it  is  subjected.  Aloe  Purificata,  U.  S.  P.,  is  the 
evaporated  alcoholic  extract. 

liarbaloin. — This  sul)stancc,  first  ohtained  by  T.  and  II.  Smith, 
occurs  in  minute  crystals  in  Barbadoes  aloes.  It  is  readily  procured 
by  making  a  decoction  in  water  acidified  with  a  little  hydrochloric 
acid,  after  some  hours  pouring  off"  tlie  precipitated  resin,  and  evapor- 
ating the  liquid  to  a  syrup.  The  aloin  crystallizes  out  in  a  day  or 
two.  Barbaloin  yields  by  the  action  of  bromine  and  chlorine  sub- 
stitution compounds.  Nitric  acid  dropped  upon  it  produces  a  red 
color  which  soon  fades.  Boiled  for  some  time  with  strong  nitric 
acid,  barbaloin  gives,  together  with  oxalic  and  picric  acids,  a  yellow 
substance,  chrysammic  acid,  which  furnishes  beautiful  red  salts  (Til- 
den).  Anthracene  (Ci^IIm)  has  been  obtained  by  deoxidation  of 
barbaloin. 

Nataloin. — This  body  was  discovered  by  Fllickiger  in  Natal  aloes. 
It  crystallizes  readily  in  rectangular  plates,  either  from  spirit  or  from 
water.  No  bromine  or  chlorine  substitution  derivatives  have  yet  been 
formed,  but  an  acetyl  compound  has  been  analyzed  (Tilden).  Nata- 
loin moistened  with  nitric  acid  gives  a  red  coloration  which  does  not 
fade.  When  boiled  with  nitric  acid  it  yields  no  chrysammic  acid, 
but  only  oxalic  and  picric  acids. 

Socaloin,  or  Zanaloin. — Ilisted  and  Fllickiger  have  shown  that 
Socotrine  or  Zanzibar  aloes  yields  an  aloin  distinct  from  those  just 
described.  It  forms  tufted  acicular  prisms.  Nitric  acid  scarcely 
alters  the  color  of  socaloin.  Neither  socaloin  nor  barbaloin  affords 
any  color  when  vapor  from  a  glass  rod  moistened  with  nitric  acid 
is  brought  near  to  a  drop  of  oil  of  vitriol  containing  a  minute  frag- 
ment of  the  aloin,  while  nataloin  gives  rise  to  a  blue  coloration. 

Analysis. — To  Aloin,  or  powdered  aloes,  on  a  white  plate,  add 
strong  nitric  acid.  No  color  =  Socaloin ;  crimson  color  =  Nataloin 
or  Barbaloin.  To  another  portion  add  strong  sulphuric  acid  and 
vapor  of  nitric  acid.  A  blue  coZor  =  Nataloin  ;  no  blue  co?or  =  Barb- 
aloin. 

Formula;. — The  reactions  of  these  bodies  seem  to  indicate  that 
they  are  complex  phenols.  Phenol  being  the  phenj-l  hj-drate, 
CglljHO,  and  cresol  being  methyl-phenol,  C^II^CIIjHO,  the  aloins 
may  possibly  have  a  similar  constitution ;  that  is,  they  may  be  the 
hydrates  of  radicals  in  which  part  of  the  hydrogen  is  replaced  by 
groups  of  atoms.  vSince  Tilden  made  this  suggestion,  E.  von  Som- 
maruga  and  Egger  {Pharmacographia)  have  arrived  at  the  conclu- 
sion that  the  aloins  form  an  homologous  series,  and  that  the}'  have 
the  composition  indicated  in  the  following  formulis : — 

Socaloin  Ci-.HirPi 

Nataloin  C^jHigO, 

Barbaloin  Ci-HjoO, 

Tilden's  more  recent  experiments  indicate,  however,  that  barbaloin 
(Cj^HjoO,)  and  socaloin  (0,r,II,f,07)  are  isomeric  in  the  anhydrous 
state,  but  that  socaloin  and  its  derivatives  in  the  hydrous  condition 
contain  more  water  of  crystallization  than  barbaloin.  Nataloin 
('"io'IisOt)  seems  to  be  isonioric  with  the  others,  but  is  less  soluble. 
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and  does  not  yield  either  chvysammic  acid  or  chloro-  or  l)roino-deriva- 
tivos  (('ikIIisOI^O,  ;  CiulIuBviO-).  The  acetyl  derivative  appears  to 
have  the  formula  C,„ll,5(0,il,,0).,0,. 

In  the  series  C,,!!.^,,-/  we  have  the  univalent  radical  aJJi/l  (CjIIJ, 
whose  sulphide  ((CtHj^.jS)  is  essential  oil  of  garlic  {Allium,  U.  S.  P.), 
and  sulphocyanate  (CglijCyS),  the  chief  part  of  the  essential  oil  of 
mustard,  the  body  to  which  mustard  owes  its  power  of  inducing  in- 
flammatory action  on  the  skin  ("  Mustard  Poultice "  and  Cliaria 
Siiiapis,  U.  S.  P.).  Mustard  (Sinapis,  U.  S.  P.)  is  a  powdered  mix- 
ture of  black,  or  rather  reddish-brown,  and  white  mustard-seeds.  The 
white  mustard-seed  contains  sinalbin  (O-^^nllfi^^Sfi^g),  a  glucoside 
which,  in  contact  with  the  myrosin  in  an  aqueous  extract  of  mustard, 
yields  the  sulphocyanide  of  a  peculiar  radical  acrinyl,  a  body  M'hich 
forms  part  of  the  essential  oil  of  miistard-paste. 

C3„lI„N,S,Oi6      C,n,OCNS  +  C,eH,,0,NSIISO,  +  C«H,A 

Siiiulbin._  Sulphocyanate  Acid  sul])liatc  Glucose, 

ofacriuyl.  of  siuaijiiie. 

The  black  contains  the  albumenoid  ferment  mi/rosin,  resembling  the 
emulsin  of  almonds  (p.  416),  and  wyronafe  of  potassium  or  sinifp-in. 
The  latter  is  the  body  which,  under  the  intiiience  of  the  former, 
yields  the  chief  part  of  the  pungent  oil  of  mustard-paste. 

KC.oTI.gNSjOio   =   KHSO^    +    C3lL,CNS    +  CgHjA 

JIjToiiate  of  Acid  sulphate  Oil  of  Glucose, 

putiissium.  of  potassium.  mustard. 

Crude  oil  of  mustard  often  contains  cyanide  of  allyl,  C3H5CN. 

In  the  Pharmacopojia  of  India  the  seed  of  Sinapis  jnncea  Bai,  or 
Indian  Mustard-Plant,  is  official  in  addition  to  that  of  S.  alba  and 
S.  nifp-a.  It  is  the  common  mustard  of  warm  countries.  It  does 
not  differ  chemically  from  other  mustard.  Allyl  compounds  are  also 
met  with  in  several  other  cruciferous  and  liliaceous  plants. 

In  the  C„ll2„  series  occurs  ethylene  or  olefiant  f/as  (CjH^),  the 
chief  illuminating  constituent  of  coal-gas  (made  by  heating  spirit  of 
wine  with  twice  its  volume  of  strong  sulphuric  acid),  a  bivalent 
radical,  the  alcohol  of  which  is  glycol  (0^11,2110).  Etherol,  or  Ethe- 
rml  Oil  (Oleum  JEthereum,  U.  S.  P.),  a  mixture  of  equal  volumes  of 
ether  and  of  heavy  oil  of  wine  (CjjILiq?),  a  hydrocarbon  polymeric 
with  olefiant  gas,  is  one  of  the  products  of  the  action  of  excess  of 
sulphuric  acid  on  alcohol;  its  sp.  gr.  is  0.',)17.  In  Cj.IIj,,-/^^  series 
the  trivalent  hypothetical  radical  glyceryl  (C;,IIr,)  is  found,  the  hydrate 
of  which  (C3H53IIO)  is  glycerin.  The  homologucs  of  glycol  (e.  g., 
propylene  glycol  and  butylene  glycol)  are  termed  glycols,  the  homo- 
logucs of  glj^ccrin  glycerins.  By  oxidation  of  glycols,  acids  of  the 
lactic  series  are  formed  (glycolic,  lactic,  and  oxybutyric  acids),  just 
a.s  by  oxidation  of  ordinary  alcohols  acids  of  the  ac(!tic  series  are 
formed.  It  Avill  be  noticed  that  the  chemical  composition  of  the 
radicals  glyceryl  and  allyl  is  identical  (C.II,),  but  the  former  is 
trivalent  and  the  latter  univalent;  hence  they  probably  differ  in 
pliysical  constitution  ;  they  are  isomeric,  possibly  polymeric  with 
each  other.  From  a  glyceryl  compound  (glycerin),  however,  an 
allyl  salt  (iodide)  can  be  produced.     By  distilling  a  mixture  of 
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glycerin  and  biniodido  of  phosphorus,  iodide  of  allyl  (C3H5I)  is 
obtained,  and  on  digesting  this  witli  sulphocyanate  of  potassium  the 
sulphocyanatc  of  allyl,  or  artificial  oil  of  mnistard,  results  ;  identical 
with  the  chief  constituent  of  the  natural  oil. 

Glycerin. — Glycerin,  or  Glyceric  Alcohol  (C.JIaSHO),  is 
the  hydrate  of  the  basylous  radical  of  most  oils  and  fats, 
bodies  which  are  mainly  oleates,  pahnitates,  and  stearates  of 
glyceryl  (glycyl  or  propenyl).  When  these  substances  are 
heated  with  metallic  hydrates  (even  with  water — hydrate  of 
hydrogen — at  a  temperature  of  500°  F.  or  600°  F.),  double 
decomposition  occurs,  oleate,  palmitate,  or  stearate  of  the  metal 
is  formed,  and  hydrate  of  glyceryl,  or  glycerin.  Hence  gly- 
cerin is  a  by-product  in  the  manufacture  of  soap,  hard  can- 
dles, and  lead-plaster  (vide  Index). 

Properties. — Glycerin  is  viscid  when  pure;  specific  gravity  1.2S 
(not  below  1.2.5  U.  S.  P.  =  95  per  cent.) ;  has  a  sweet  taste ;  is  soluble 
in  water- or  alcohol  in  all  proportions.  It  has  remarkable  powers  as 
a  solvent,  is  a  valuable  aaiineptic  even  when  diluted  with  10  parts 
of  water,  and  useful  as  an  emollient.  In  vacuo  it  may  be  distilled 
unchanged,  but  under  ordinary  atmospheric  pressure  it  is  decom- 
posed by  heat.  From  damp  air  glycerin  absorbs  moisture  slowly, 
but  in  considerable  proportions.  Perfectly  pure  and  anhydrous 
glycerin,  at  a  few  degrees  below  the  freezing-point  of  water,  some- 
times solidifies  to  a  mass  of  crystals.  It  may  be  extracted  from 
many  substances  insoluble  in  absolute  alcohol  by  digestion  in  the 
latter,  acids  being  first  neutralized  by  oxides  and  oxides  and  hydrates 
by  acids. 

"  Glycerin  should  be  neutral  to  litmus-paper.  Upon  warming  a 
portion  of  5  or  6  gm.  with  half  its  weight  of  diluted  sulphuric  acid, 
no  butyric  or  other  acidulous  odor  should  be  developed.  A  portion 
of  2  or  3  gm.,  gently  warmed  with  an  equal  volume  of  sulphuric 
acid  in  a  test-tube,  should  not  become  dark  colored  (abs.  of  cane- 
sugar).  A  portion  of  about  2  gm.,  heated  in  a  small,  open  porcelain 
or  platinum  capsule  upon  a  sand-bath  until  it  boils,  and  then  ignited, 
should  burn  and  vaporize  so  as  to  leave  not  more  than  a  dark  stain 
(abs.  of  sugars  and  dextrin,  which  leave  a  porous  coal).  A  portion 
heated  to  about  85°  C.  (185°  F.)  with  test-solution  of  potassio-cupric 
tartrate  should  not  give  a  decided  yellowish-brown  precipitate,  and 
the  same  result  should  be  obtained  if,  before  applying  this  test,  an- 
other portion  be  boiled  with  a  little  diluted  hydrochloric  acid  for 
half  an  hour  (abs.  of  sugars).  After  full  combustion  no  residue 
should  be  left  (metallic  salts).  Diluted  with  10  times  its  volume  of 
distilled  water,  portions  should  give  no  precipitates  or  colors  when 
treated  Avith  test-solution  of  nitrate  of  silver,  chloride  of  barium, 
chloride  of  cal(;ium,  sulphide  of  ammonium,  or  oxalate  of  ammonium 
(acrylic  or  hydrochloric,  sulphuric,  oxalic  acid,  iron,  or  calcium 
salts)."— U.  S.  P. 

Tc.  ls. — Heat  one  or  two  drops  of  glycerin  in  a  test-tube,  or 
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witli  stronp;  siilpliuric  acid,  acid  sulphate  of  potassium,  or  otlier 
salt  poweri'uUy  absorbent  of  water ;  vapors  of  acrolein  (from 
(icrr^  sharp,  and  oleum,  oil)  are  evolved,  recognized  by  their 
powerfully  irritating  efi'ects  on  the  eyes  and  respiratory  pas- 
sages. If  the  glycei-in  be  in  solution,  it  must  be  evaporated 
as  low  as  possible  before  applying  this  test. — Add  a  few  drops 
of  the  fluid  suspected  to  contain  glycerin  to  a  little  powdered 
borax;  stir  well  together;  dip  the  looped  end  of  a  platinum 
wire  into  the  mixture  and  expose  to  an  air-gas  flame  :  a  deep 
green  color  is  pi'oduced  (Senier  and  Lowe). 

The  glycerin  libei'ates  boracic  acid,  and  it  is  the  latter  which  colors 
the  tlame.  Ammoniacal  salts,  which  similarly  affect  borax,  must 
first  be  got  rid  of  by  boiling  witli  sokition  of  carbonate  of  sodium. 
Liquids  containing  much  indefinite  organic  matter  must  sometimes 
l)c  evaporated  to  dryness,  the  residue  extracted  by  alcohol,  and  the 
hitter  tested  for  the  glycerin.  To  detect  traces  liquids  must  be  con- 
centrated. 

Besides  glycerin  itself  {Gli/cerinum,  U.  S.  P.),  solutions  or  mix- 
tures of  starch  and  of  yolk  of  egg  and  glycerin  (GJi/ccTitum  Anij/li, 
U.  S.  P. ;  GlycerituM  Vitelii,  or  Gli/coniii,  U.  S.  P.)  are  official. 


QUESTIONS  AND  EXERCISES. 

796.  Give  the  formuloB  of  some  compounds  of  radicals  -which  have 
the  general  formula  C„M,„_/,  C„II^„_/,  C„II.^„_/^',  and  C„II,,/^, — 

f/.  benzol,  essential  oil  of  mustard,  glycerin,  and  glycol. 

797.  State  the  difference  in  composition  of  natural  and  artificial 
oil  of  bitter  almonds. 

798.  How  is  the  so-called  artificial  oil  of  bitter  almonds  prepared? 

799.  What  are  the  uses,  composition,  source,  and  properties  of 
Carbolic  Acid? 

800.  State  the  characters  by  which  carbolic  acid  is  distinguished 
from  Creosote. 

SOI.  In  what  relation  docs  carlmlic  acid  stand  to  cresylic  acid? 

802.  What  is  the  general  formula  of  sulphocarbolates  ? 

803.  Draw  out  an  equation  explanatory  of  the  production  of 
aniline. 

S04.  Mention  the  chief  properties  of  Glycerin. 
80f).  Wliat  is  the  specific  gravity  of  glycerin? 

806.  By  what  test  is  glycerin  recognized  ? 

807.  Enumerate  some  official  preparations  in  which  glycerin  is 
employed  as  a  solvent. 


ALBUMENOID  SUBSTANCES. 

AlJmmrv. — Agitate  thoroughly  white  of  egg  {Albumen  Ori, 
B.  P.)  with  water,  and  strain  or  ])our  off  the  liquid  from  the 
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flocculcnt  membranous  insoluble  matter.  One  white  to  100  c.c. 
of  water  forms  the  "  Test-Solution  of  Albumen,"  U.  S.  P. 

TfM. — Heat  a  portion  of  this  solution  of  albumen  to  the 
boiling-point ;  the  albumen  becomes  insoluble,  separating  in 
clots  or  coagula  of  characteristic  appearance. 

Other  Reactions. — Add  to  small  quantities  of  aqueous  solu- 
tion of  albumen  solutions  of  corrosive  sublimate,  nitrate  of 
silver,  sulphate  of  copper,  acetate  of  lead,  alum,  perchloride  of 
tin  ;  the  various  salts  not  only  coagulate,  but  form  insoluble 
compounds  with  albumen.  Hence  the  value  of  an  egg  as  a 
temporary  antidote  in  cases  of  poisoning  by  many  metallic 
salts,  its  administration  retarding  the  absorption  of  the  poi- 
son until  the  stomach-pump  or  other  measures  can  be  applied. 
Sulphuric,  nitric,  and  hydrochloric  acids  precipitate  albumen ; 
the  coagulum  is  slowly  redissolved  by  aid  of  heat,  a  brown, 
yellow,  or  purplish-red  color  being  produced.  Neither  acetic, 
tartaric,  nor  organic  acids  generally,  except  gallo-tannic,  coag- 
ulate albumen.    Alkalies  prevent  the  precipitation  of  albumen. 

Yolk  or  Yelk  of  Egg  ( Vitellus,  U.  S.  P.)  contains  only  3  per  cent, 
of  albumen,  the  white  12j.  The  yolk  also  contains  only  30  per  cent, 
of  yellow  fat  and  14  of  casein. 

Albumen  is  met  with  in  large  quantities  in  the  serum  of  blood,  in 
smaller  quantity  in  chyle  and  lymph,  and  in  the  brain,  kidneys, 
liver,  muscles,  and  pancreas.  It  is  not  a  normal  constituent  of 
saliva,  gastric  juice,  bile,  or  mucus,  but  occurs  in  those  secretions 
during  inflammation.  It  is  found  in  the  urine  and  fieces  only  under 
certain  diseased  states  of  the  system. 

The  cause  of  the  coagulation  of  albumen  by  heat  has  not  yet  been 
discovered. 

Albumen  has  never  been  obtained  sufficiently  pure  to  admit  of  its 
composition  being  expressed  by  a  trustworthy  formula :  Gerhardt 
regarded  it  as  a  sodium  compound  (IINaC-.,H],QN,gS022,H20). 

Egg-albumen  (and,  to  some  extent,  blood-albumen)  is  largelj'^  used 
by  calico-printers  as  a  vehicle  for  colors,  serving  also,  irhen  dry,  as 
a  glaze.    Curriers  prize  egg  oil  for  softening  leather. 

Albumen  coagulated  by  heat  is  said  to  be  recoverable  in  a  scarcely 
altered  fluid  condition  by  contact  with  a  dilute  aqueous  solution  of 
a  very  small  proportion  of  pepsin. 

Fibrin,  Casein,  Legumin. 
Fibrin  is  the  chief  constituent  of  the  muscular  tissue  of  animals. 
It  occurs  in  solution  in  the  blood,  and  its  spontaneous  solidification 
or  coagulation  is  the  cause  of  the  clotting  of  blood  shortl}"  after  being 
drawn  from  the  body — a  phenomenon  which  cannot  at  present  be 
explained  satisfactorily.  Inbrin  may  be  obtained  by  whipping  fresh 
blood  with  a  bundle  of  twigs,  separating  the  adiiercnt  tilires,  and 
washing  in  water  till  colorless.  It  may  be  dried  or  kept  under  spirit 
of  wine. 
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Acerage  Composition  of  Blood  (in  1000  Farts). 
(Compiled  by  Kirkcs). 

Water  

Albumen  ....... 

Fibrin  .  

Red  corpuscles  (dried)     .       .       .       .  . 
Cholesterin       .....  0.08 

Cerebrin  0.40 

Scrolin      .       ...       .       .  0.02 

Oleic  and  margaric  acids  . 
Volatile  and  odorous  fatty  acid 
Fat  containing  phosphorus 

Chloride  of  sodium  

Chloride  of  potassium  ..... 
Phosphate  of  sodium  (Na^POJ 

Carbonate  of  sodium  

Sulphate  of  sodium  ...... 

Phosphates  of  calcium  and  magnesium 

Oxide  and  phosphate  of  iron  .... 

Extractive  matters,  biliary  coloring-matter,  gases, 
and  accidental  substances  .... 


784 
70 

2.2 
130 


1.4 


3.6 
.35 
.2 
.82 
.28 
.25 
.50 

6.4 

1000.00 


Percentage  proportion  of  the  chief  constituents  of  Blood. 
Water       .       .    _  .     _  .       .       .       .  78.4 

Red  corpuscles  (solid  residue)  .       .       .  13.0 
Albumen  of  serum    .....  7.0 

Inorganic  salts  ......  .603 

Extractive,  fatty,  and  other  matters  .       .  .777 

Fibrin   .22 

100.000 

Casein  occurs  in  Cow's  Milk  (Lar,  B.  P.)  to  the  extent  of  3  per 
cent,  dissolved  by  a  trace  of  alkaline  salt.  Its  solution  does  not 
spontaneously  coagulate  like  that  of  fibrin,  nor  Ijy  heat  like  albumen  ; 
but  a(;ids  cause  its  preci[)itation  from  milk  in  the  form  of  a  curd 
(cheese)  containing  the  fat- (])uttcr)-globulcs  previously  suspended  in 
the  milk,  a  clear  yellow  liquid  (or  whey)  remaining.  Curds  and 
inhei/  arc  also  produced  on  adding  to  milk  a  piece  or  an  infusion  of 
rennet,  the  salted  and  dried  inner  membrane  of  the  fourth  stomach 
of  the  calf.  Tlic  exact  action  of  rennet  is  not  known.  Respecting 
rennet,  Soxhlet  says  :  "  (iO  to  80  grains  of  calf's  stonuicb,  steeped  for 
five  days  in  1  litre  of  a  5-p(!r  cent,  solution  of  common  salt  at  ordi- 
nary temperatiircs,  yield  a  solution  of  which  I  vol.  will  coagulate 
10,000  vols,  of  new  milk  at  a  temperature  of  95''  F.  in  forty  minutes. 
If  the  filtered  solution  is  treated  with  (iO  to  90  grains  more  of  stomach, 
a  s()hitir)n  of  doui)le  stnrngth  is  obtained  ;  anoth(!r  repetition  gives  a 
solution  three  times  the  strength  of  the.  original  one.  To  ])revent 
decoiii|)osition,  about  0.3  per  <!ent.  of  tliyniol  may  be  addi^d  to  the 
concentrated  rennet  extract  solution.  Possibly  a  slight  taste  due  to 
39 
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this  may  be  detected  in  the  finest  cheese,  ])ut  for  the  same  reason  oil 
of  cloves  is  much  more  objectionable.  Boracic  acid  is  on  all  accounts 
the  best  antiseptic  to  employ,  and  solutions  to  which  it  has  been  added 
may  be  kept  in  covered  vessels  for  months.  All  extract-solutions 
lose  strength  on  keeping ;  during  the  first  two  months  the  solution 
may  become  30  per  cent,  weaker,  then  the  strength  renuiins  nearly 
constant  for  eight  months  in  the  case  of  a  solution  of  1  in  18,01)0. 
Alcohol  is  almost  as  good  an  antiseptic  as  boracic  acid  if  the  solution 
be  preserved  in  well- stoppered  flasks." 


Average  Composition  of  1000  Parts  of  Milk. 


Specific 
gravity. 

Water. 

Solid 

COUBtit- 

uouts. 

Casein 
and  e.\- 
tractive. 

Sugar. 

Butter. 

Salts. 

Woman  .  . 

f  1.030- \ 
1 1.034  / 

870 

130 

37 

50 

40 

3 

Cow  .... 

f  1.030-  \ 
\  1.035  / 

877 

123 

40 

46 

30 

7 

Specific  gravity  alone,  as  taken  by  the  form  of  hydrometer  termed 
a  lactometer,  or  even  by  more  delicate  means,  is  of  little  value  as  an 
indication  of  the  richness  of  milk,  the  butter  and  the  other  solids 
exerting  an  influence  in  opposite  directions.  Good  cow's  milk  affords 
from  10  to  12  per  cent,  by  volume  of  cream  and  3  to  3}  per  cent,  of 
butter.  The  water  of  milk  seldom  varies  more  than  from  87  to  88 
per  cent.,  and  the  .solid  constituents  from  13  to  12.  Indeed,  excluding 
its  butter,  the  milk  of  healthy  cows  is  curiously  regular  in  composi- 
tion. The  non-fatty  solids  in  the  mixed  milk  of  a  herd  or  dairy  of 
healthy  cows  is  almost  a  constant  quantity — namely,  9.3  per  cent. 
A  lower  proportion  of  non-fatty  solids  in  a  sample  of  milk  points  to 
the  addition  of  water.  Thus,  supposing  that  100  grains  of  a  speci- 
men of  milk  evaporated  to  dryness,  and  all  butter  extracted  from  the 
residue  by  ether,  yielded  a  non-fatty  residue  of  7.44  grains,  the 
specimen  would  probably  be  four-fifths  milk  and  one-fifth  water. 
For  if  9.3  indicate  100,  then  7.44  indicate  80.  Occasionally,  under 
exceptional  circumstances,  a  sample  of  genuine  milk  might  be  slightly 
poorer  than  that  from  a  healthy  herd,  and  therefore  in  England,  for 
legal  purposes,  a  standard  of  9  per  cent,  by  weight  of  non-fatty 
solids  and  2.5  per  cent,  of  butter-fat  has  been  proposed.  Only  in 
the  rare  cases  of  milk  containing  an  unusually  large  proportion  of 
butter-fat  would  any  milk  yielding  less  tlian  9  per  cent,  of  non-fatty 
solids  be  regarded  as  genuine.  And,  again,  no  milk  would  be  con- 
sidered genuine,  under  this  standard,  if  it  yielded  less  than  'IJt  per 
cent,  of  fat,  not  even  in  the  rare  case  of  its  containing  an  unusually 
large  proportion  of  real  non-fatty  milk-solids.  Half-starved  cows 
might  yield  milk  below  these  standards,  but  it  could  scarcely  be 
considered  to  be  genuine  or  better  fitted  for  food  than  milk  Avaterod 
after  leaving  the  cow.  If,  however,  such  milk  is  to  lie  regarded  as 
gcMuiine,  a  standard  of  8.5  of  non-fatty  solids  will  not  lie  too  low. 

Under  the  microscope  milk  is  seen  to  consist  of  minute  corpuscli'.s 
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tloiiting  ill  a  tran!<parent  nicdiuni.  These  corpuscles  consist  of  fatty 
matter  (butter),  said  to  be  contained  in  a  filmy  ulbunienoid  envelope. 
The  fat  is  Huid  at  the  normal  temperature  of  the  aninial,  and  remains 
so  until  the  milk  is  well  agitated  by  churning  or  otherwise,  or  until 
the  milk  is  frozen. 

Lcf/iiniiii,  or  vegetable  casein,  is  found  in  most  leguminous  seeds, 
such  as  sweet  and  bitter  almonds.  Peas  contain  about  25  per  cent, 
of  logumin. 

Vegetable  albumen  is  contained  in  many  plant-juices,  and  is  depos- 
ited in  Qocculi  on  heating  such  liquids.  Vegetable  fibrin  is  the  name 
given  by  Liebig  and  Dumas  to  the  portion  of  the  gluten  of  wheat 
which  is  insoluble  in  alcohol  and  ether  {inde  p.  401). 

Albumenoid  substances  are  nearly  identical  in  percentage  compo- 
sition. Albumen  (and  fibrin)  contains  53.5  of  carbon,  7  of  hydrogen, 
15.5  of  nitrogen,  2'2,  of  oxygen,  l.G  of  sulphur,  and  .4  of  phosphorus. 
Casein  contains  no  phosphorus.  These  three  bodies  are  often  termed 
ihe  plastic  elements  of  nutrition,  under  the  assumption  that  animals 
directly  assimilate  them  in  forming  muscles,  nerves,  and  other  tis- 
sues— starch,  sugar,  and  similar  matter  forming  the  resjjiiritor]/ 
materials  of  food,  because  more  immediately  concerned  in  keeping 
u[)  the  temperature  of  the  body  by  the  combustion  going  on  between 
them  and  their  products  and  the  oxygen  of  the  air  in  the  blood. 
The  whole  of  the  organic  nitrogen  in  food  must  not,  however,  bo 
regarded  as  representing  true  albumenoids,  some  existing  as  aniidic 
iind  similar  compounds — bodies  having  a  simplicity  of  composition 
characteristic  of  the  products  of  physiological  action  on  food,  rather 
than  that  complexity  of  composition  characteristic  of  true  nutrients. 
Albumenoids  in  decomposing  yield  much  fatty  as  well  as  other  sub- 
stances. Possibly,  a  portion,  at  least,  of  the  adipocire  (adeps,  fat ; 
erra,  wax),  or  corpse-fat,  characteristic  of  the  remains  of  buried 
anii'iuils,  is  thus  derived. 

Musk  (Mosc/ius,  U.  S.  P.),  "  the  dried  secretion  from  the  preputial 
follicles  of  Moschus  moschiferus"  (the  Musk  Deer),  is  a  mixture  of 
albumenoid,  fatty,  and  other  animal  matters  with  a  volatile  odorous 
substance  of  unknown  composition. 


GELATIGENOUS  SUBSTANCES. 

Those  nitrogenous  bodies  differ  chomically  from  the  albumenoid 
in  containing  less  carbon  and  sulphur  and  more  nitrogcsn.  They 
are  contained  in  certain  animal  tissues,  and  on  boiling  with  watiir 
yield  a  solution  which  has  the  remarkable  property  of  soliilifyiiig 
to  a  jelly  on  cooling.  The  tendons,  ligaments,  bones,  skin,  and 
serous  membranes  afford  (jcl.atin  i)ro[)er ;  the  cartilages  give  chan- 
drin,  which  differs  from  gelatin  in  com))Osition  and  in  i)eing  pro- 
cipitat(!d  by  veg(;table  acids,  alum,  and  the  acetates  of  lead.  The 
piu-est  vari(!ty  of  gc^latin  is  isinglass,  B.  P.  {ir/il/ii/orolla,  U.  S.  P.), 
the  swimming-bladder  or  sound  of  various  spc^eicis  of  Ari])enser, 
Linn.,  prepared  and  cut  in  fine  shreds.  Small  (|uantities  are  more 
eusiiy  disintegrated  by  a  file  than  a  knife.    Fifty  grains  dissolved  in 
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5  ounces  of  distilled  water  forms  the  official  "  Solution  of  fJalatin," 
B.  P.  Glue  is  an  impure  variety  of  gelatin,  made  from  the  trim- 
minims  of  hides ;  size  is  glue  of  inferior  tenacity,  prepared  from  the 
pavings  of  parchment  and  thin  skins.  "  Among  the  varieties  of 
gelatin  derived  from  different  tissues  and  from  the  same  sources  at 
different  ages,  much  diversity  exists  as  to  the  firmness  and  other 
characters  of  the  solid  formed  on  the  cooling  of  the  solutions.  'J'he 
differences  between  isinglass,  size,  and  glue  in  these  respects  are 
familiarly  known,  and  aftbi'd  good  examples  of  the  varieties  called 
weak  and  strong,  or  low  and  high,  gelatin.  The  difierences  are 
sometimes  ascribed  to  the  quantities  of  water  combined  in  each  case 
with  the  pure  or  anhydrous  gelatin,  part  of  which  water  seems  to 
be  intimately  united  with  the  gelatin  ;  for  no  artificial  addition  of 
water  to  glue  would  give  it  the  character  of  size,  nor  would  any 
abstraction  of  water  from  isinglass  or  size  convert  it  into  the  hard, 
dry  substance  of  glue.  But  such  a  change  is  effected  in  the  gradual 
process  of  nutrition  of  the  tissues  ;  for,  as  a  general  rule,  the  tissues 
of  an  old  animal  yield  a  much  firmer  or  stronger  jelly  than  the 
corresponding  parts  of  a  young  animal  of  the  same  species" 
(Kirkes's  Physiology). 

Gelatin  appears  to  unite  chemically  with  a  portion  of  the  water  in 
which  it  is  soaked  when  used  for  culinary  and  manufacturing  pur- 
poses, for  a  solution  of  glue  in  a  hot  anhydrous  glycerin  does  not 
yield  an  ordinary  jelly  on  cooling.  From  its  solution  in  water 
gelatin  is  precipitated  by  alcohol,  corrosive  sublimate,  perchloride 
of  platinum,  and  by  tannic  acid.  Its  a(iueous  solution  is  not,  like 
that  of  albumen,  coagulated  by  heat.  By  prolonged  ebullition  its 
gelatinizing  power  is  destroyed. 


PEPSIN. 

Pepsin  (from  nenTu,  pepfd,  I  digest)  is  a  nitrogenous  substance 
existing  in  the  gastric  juice  and  as  a  viscid  matter  in  the  pe.plic 
glands  and  on  the  walls  of  the  stomach  of  animals.  To  isolate  it, 
the  mucous  membrane  of  the  stomach  (of  the  hog,  sheep,  or  calf, 
killed  fasting)  is  scraped,  and  macerated  in  cold  water  for  twelve 
hours ;  the  pepsin  in  the  strained  liquid  is  then  precipitated  by 
acetate  of  lead,  the  deposit  washed  once  or  twice  by  decantation, 
sulphuretted  hydrogen  passed  through  the  mixture  of  the  deposit 
with  a  little  water  to  remove  the  whole  of  the  lead,  and  the  filtered 
liquid  evaporated  to  dryness  at  a  temperature  not  exceeding  105°  F. 
Pepsin  is  a  powerful  promoter  of  digestion  ;  its  solution  is  hence 
frequently  termed  artificial  yuslric  Juice.  As  met  with  in  pharmacy 
its  strength  varies  greatly.  It  is  often  prepared  by  simply  mixing 
with  stai'ch  the  thick  li(|uid  obtained  on  macoratinii  the  scraped 
stomach  with  water,  and  evaporating  to  dryness.  (Vide  Pharma- 
centical  Journal,  1865-66,  p.  112,  and  1871-72,  pp.  785  and  843.) 
The  English  official  process  (Pepsin,  B.  P.)  simply  consists  in  scrap- 
ing the  viscid  pulp  from  the  slightly  washed  inner  surface  of  the 
stomach,  and  quickly  evaporating  it  to  dryness  on  glass  or  glazed 
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earthenware  at  a  tcmporaturo  not  cxcccdini^  100°  F.  The  product 
is  powdered.  "A  light  yellowish-brown  powder,  having  a  faint, 
liiit  not  disagreeable  odor,  and  a  slightly  saline  taste,  without  any 
indication  of  iiutrescenco.  Very  little  soluble  in  water  or  spirit. 
Two  grains  oi'  it  with  an  ounce  of  distilled  water,  to  which  five 
minims  of  hydrochloric  acid  have  been  added,  form  a  mixture  in 
which  101)  grains  of  hard-boiled  white  of  egg,  in  thin  shavings  (or, 
butter,  in  pulp  formed  by  passing  it  through  copper  wire  gau/,e  con- 
taining thirty-six  meshes  to  the  inch),  will  dissolve  on  their  being 
digested  together  for  about  four  hours  at  a  temperature  of  98°  F.  (or, 
better,  130°  F.).  The  solvent  or  digestive  action  of  pepsin  on  the 
albumenoids,  etc.  in  the  stomach  results  in  a  fluid  termed  inptone. 
It  is  thus  that  such  food  is  prepared  for  conversion  into  blood. 
Artificial  peptone  is  made  by  digesting  blood-fibrin  with  pepsin  in 
very  weak  hydrochloric  acid.  Peptone  is  not  readily  coagulated  by 
heat,  and  it  freely  diffuses  through  membranes.  It  appears  to  be 
isomeric  with  albumen.  Some  vegetables,  notably  the  leaves  of  the 
papaw  tree,  Cam-a  jwjjayn,  appear  to  contain  a  principle,  "papaine," 
analogous  in  properties  to  pepsin.  According  to  Wurtz,  pajiaine  is 
an  albumenoid. 

(For  a  ?'e.S'Mn(t' of  the  different  modes  of  preparing  pepsin,  see  an 
article  by  Petit  in  the  Pliarmaceiiiical  Journal  for  July  17,  1S80.) 

The  preparation  official  in  the  United  States  is  Pepsinmn  Sacclta- 
ratum :  "  J  part  of  Saccharated  Pepsin,  dissolved  in  500  parts  of 
water  acidulated  with  7.5  parts  of  hydrochloric  acid,  should  digest 
at  least  50  parts  of  hard-l)oiled  egii-albumen  in  five  or  six  hours  at  a 
temperature  of  38°  to  40°  C.  (100°  to  104°  F.)." 

Liquor  Pcpsini,  U.  S.  P.,  is  a  mixture  of  40  parts  of  saccharated 
pepsin,  12  of  hydrochloric  acid,  400  of  glycerin,  and  water  to  make 
1(100.  It  should  not  develop  an  ammoniacal  odor  on  keeping  (abs. 
of  mucus). 

PANCREATIN. 

The  pancreas  (or  "  swectliread '')  secretes  a  colorless  fluid  which 
contains  li  to  2\  per  cent,  of  an  albumenoid  substance  which  has 
the  power  of  converting  starch  into  sugar,  and,  especially,  of  emul- 
sifying fat.  It  nuiy  be  precipitated  by  chloride  of  sodium  from  an 
acidulated  infusion  of  the  pancreas.  It  is  soluble  in  cold  water. 
An  extremely  small  proportion  emulsifies  a  large  volume  of  fat. 


QUESTIONS  AND  EXERCISES. 

808.  In  what  form  is  alltumen  familiar? 

809.  Name  the  chief  test  for  albumen. 

810.  Why  is  the  administration  of  albumen  useful  in  cases  of 
poisoning? 

811.  Mention  the  points  of  difference  between  yolk  and  white  of 
egg.  ^ 

812.  From  what  source  other  than  egg  may  albumen  be  obtained? 

813.  In  what  respect  does  fibrin  differ  from  albumen? 
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814.  Enumorate  tlin  eliiof  con.stituonts  of  T)loocl  ? 

815.  How  may  fihriti  he  ohtaiiiod  IVoin  hlood  ? 

816.  State  the  diH'ereiico  hctweeii  oasiiin,  filiriii,  and  alhuinPD. 

817.  What  are  the  relations  of  cream.  butUn-,  curds  and  w  hey,  and 
cheese,  to  milk? 

818.  Describe  the  microscopic  appearance  of  blood  and  of  milk. 

819.  How  much  cream  should  be  obtained  from  good  milk  ? 

820.  What  is  the  percentage  of  water  in  genuine  milk? 

821.  Name  sources  of  vegetable  casein  and  vegetable  albumen. 

822.  Give  the  percentage  of  nitrogen  in  albumenoid  substances. 

823.  Describe  the  chemical  nature  of  Musk. 

824.  In  what  lie  the  peculiarities  of  Gelatin  ? 

825.  To  what  extent  do  isingiiiss,  glue,  and  size  difler? 

826.  Whence  is  Pepsin  obtained? 

827.  How  is  pepsin  prepared  '! 


FATTY  BODIES. 
Soaps,  Solfd  Fats,  Fi.xed  Oils,  Volatile  Oils,  Camphors.  ■ 

General  Felaiions. — Oils  and  fats  are,  apparently,  almost  as  sim- 
ple in  constitution  as  ordinary  inorganic  salts.  Just  as  acetate  of 
potassium  (KC2H30a)  is  regarded  as  a  compound  of  potassium  (K) 
with  the  characteristic  elements  of  all  acetates  (CjIIgO^),  so  soft 
soap  is  considered  to  be  a  compound  of  potassium  (K)  Avith  the  ele- 
ments characteristic  of  all  oleates  (KjgllggO,),  and  hence  is  chemically 
termed  oleate  of  potassium  (KC,8H;,;jO.^).  Olive  oil,  from  which  soap 
is  commonly  prepared,  is  mainly  oleate  of  the  trivalent  radical  gli/- 
cei-yl  (C3II5),  the  formula  of  pure  fluid  oil  being  C3H53CjgH.j30.^,  and 
its  name  olein.  The  formation  of  a  soap,  therefore,  on  bringing 
together  oil  and  a  moist  oxide  or  hydrate,  is  a  simple  case  of  double 
decomposition,  or,  rather,  metathesis,  as  seen  already  in  connection 
with  lead  plaster  (p.  209),  or  in  the  following  equation  relating  to 
the  formation  of  common  hard  soap : — 

BNaHO   +   C^HsSCjgH^O,  =  SNaC^Hs^Oj  +  C3H53HO 

Hydrate  of  sodium     Olente  of  glyceryl  Oleate  of  sodium      Hydrate  of  glyceryl 

(caustic  soda).  (vegetable  oil).  (hard  soap).  (glycerin). 

Berthelot  has  succeeded  in  preparing  oil  artificialh' from  oleic  acid 
and  glycerin,  and  it  is  said  to  be  identical  with  the  pure  olein  of 
olive  and  of  other  fixed  oils.  Hard  fats  chiefly  consist  of  slearin — 
that  is,  of  tristearate  of  glyceryl  (CsHsSCisH^^O^).  Mr.  Wilson,  of 
Price's  Candle  Company,  obtains  stearic  and  oleic  acids  and  gly- 
cerin by  simply  passing'  steam,  heated  to  500°  or  600°  F.,  through 
melted  fat.  Both  the  glycerin  and  (iit  acids  distil  over  in  the  cur- 
rent of  steam,  the  glycerin  dissolving  in  the  condensed  water,  the 
fat-acids  floating  on  the  aqueous  liquid. 

Oleic  acid  {Acidiim  Oleicum,  U.  S.  P.),  when  quite  pure,  is  a  light- 
yellow,  almost  inodorous,  and  tasteless  oil.  of  sp.  gr.  U.StX)  to  0.810. 
At  low  temperatures  it  thickens,  and  when  near  the  freezing-point  of 
water  crystallizes.    The  occurrence  of  any  important  quantity  of 
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palmitic  acid  or  stearic  acid  may  lie  provcHl  hy  saponifying  with 
carlioiiatc  of  potassium,  iicutralizing  the  product  vvitli  acetic  acid, 
precipitating  witli  acetate  of  hnid,  wasliing  tiie  lead  oleate  with  a 
little  hot  water,  and  adding  etiier:  the  oleate  will  dissolve  the  pal- 
niitate,  and  stearate  of  lead  be  insoluble.  Any  fixed  oil  will  float 
on  the  surface  when  equal  volumes  of  the  oleic  acid  and  of  alcohol 
are  warmed  to  25°  C. 

The  author  found  {PharmaceuticalJournal,  March,  1863)  that  oleic 
acid  readily  combines  with  alkaloids  and  most  of  the  metallic 
oxides  or  hydrates,  forming  oleates  which  are  soluble  in  fats.  In 
this  way  active  medicines  may  be  administered  internally  in  con- 
junction with  oils  or  externally  in  the  form  of  ointments.  (Olccctum 
Hi/drccir/i/ri,  U.  S.  P. ;  Olcatum  Veratrince,  U.  S.  P.) 

As  regards  the  conversion  of  oily  substances  into  emulsions  resem- 
bling the  common  natural  emulsion  milk,  Gregory  states  that  3 
drachms  of  gum-acacia  in  fine  powder  are  necessary  to  emulsify  1 
ounce  of  any  of  the  volatile  oils,  and  that  a  little  less  (about  2 
drachms)  will  answer  for  the  fixed  oils  and  balsams.  To  this  quan- 
tity of  gum  4J  drachms  of  water  must  be  added  (no  more  and  no 
less).  Either  the  water  or  the  oil  may  be  added  first  to  the  gum, 
but  it  is  quickest  to  add  the  oil  first,  and  well  triturate  before  adding 
the  water. 

Soaps. — Olive  oil  balled  with  solution  of  potash  yields  po- 
tassium soap,  or  soft  soap  (Sripo  Mollis,  B.  P.  ;  Sapo  Vin'dis^ 
TJ.  S.  P.,  or  Grem  Soap') ;  with  soda,  sodium  soap,  or  hard  soap 
(Sapo,  U.  S.  P.)  ;  mixed  with  ammonia,  an  ammonium  soap 
(Liiiimenfinn  Ammonise,  U.  S.  P.  with  cotton-seed  oil)  ;  and 
with  lime-water,  calcium  soap  (Linimeiitnm  Calcis,  U.  S.  P., 
with  cotton-seed  oil), — all  oleates,  chiefly  of  the  respective 
basylous  radicals.  Their  mode  of  formation  is  indicated  in 
the  foregoing  equation.  The  alkali  soaps  are  soluble  in  alco- 
hol, the  others  insoluble.  A  green  soap,  much  used  on  the 
continent  of  Europe,  and  indeed  official  in  Germany  (formerly 
as  Sapo  ViriilU,  now  as  Sapo  Kalinu^  Vennlis),  is  made  by 
adding  indigo  to  ordinary  soft  soap,  the  yellow  color  of  the 
soap  yielding  with  the  indigo  a  greenish  compound.  The 
official  characters  of  Hard  Soap  are  :  "  (Irayish-wliite,  dry,  in- 
odorous ;  horny  and  pulverizable  when  ko])t  in  dry  warm  air  ; 
easily  moulded  when  heated  ;  soluble  in  rectified  spirit,  leaving 
not  more  than  3  per  cent,  of  insoluble  matter,  of  which  at  least 
two-thirds  arc  soluble  in  water.  A  4-per  cent,  alcoholic  solution- 
should  not  gelatinize  on  cooling  (abs.  of  animal  fats),  not  im- 
parting an  oily  stain  to  paper;  incinerated,  it  yields  an  ash 
which  docs  not  deru[uesce."  And  of  Soft  Soap  :  "  Yellowish- 
green,  inodorous,  of  a  gelatinous  consistence ;  soluble  in  recti- 
fied spirit ;  not  imparting  an  oily  stain  to  paper ;  when  dried 
yielding  nothing  to  benzol  ;  incinerated,  it  yields  an  ash  which 


464 


FATTY  BODIES. 


is  very  deliquescent."  Curd  Soap  (Sapo  AnimaH<,  B.  P.)  is  a 
"  soap  made  with  soda  and  a  purified  animal  fat,  consisting 
principally  of  stearin."  It  will,  of  course,  chiefly  contain 
stearate  of  sodium.  In  pharinacy  it  is  often  advantageously 
employed  instead  of  the  "  hard  soap."  Cusfile  and  Marseilles 
soaps  are  sodium  soaps  "  mottled  "  by  iron  soap. 

The  hard  soap  met  with  in  trade  is  made  from  all  varieties  of  oil, 
the  commoner  kinds  bciii^r  simply  the  product  of  the  evaporatcid 
mixture  of  oil  and  alkali,  while  the  better  sorts  have  been  separated 
from  alkaline  impurities,  and  the  glycerin  by  the  addition  of  com- 
mon salt  to  the  liquors,  which  causes  the  precipitation  of  the  pure 
soap  as  a  curd.    Pota.sh  soap  is  not  precipitahlo  by  salt. 

Bile  {Pel  Bouis,  U.  S.  P.)  is,  officially,  the  gall  of  the  ox  (Bos 
taiirus,  Linn.),  eitlier  heated  to  80°  C,  strained,  and  evaporated  from 
100  parts  to  15  {Fd  Bovis  Inspissatam,  U.  S.  P.).  or  freed  from 
mucus  by  agitating  with  alcohol  (in  which  mucus  is  insoluble), 
filtering,  and  evaporating.  The  latter  is  the  official  Purified  Ox-Bile 
{Fd  Bovis  Purijicatum,  U.  S.  P.) ;  it  has  a  resinous  appearance,  but 
is  chiefly  composed  of  two  crystalline  substances  having  the  con- 
stitution of  a  soap ;  the  one  is  termed  taurocholate  of  sodium 
(NaCjgH^jNOgS),  the  other  is  gli/cocholate,  or  simply  cholate  of 
sodium  {iiaC^^W^^O^^).  Both  taurocholates  and  glycocholates  are 
conjugated  bodies  readily  yielding,  the  former  cholic  or  cholalic  acid 
(IIC24H39O5)  and  taurine  (C2II7NO3S),  the  latter  cholalic  acid  and 
(//i/cocijie  or  glycocoli  (CJI^NO^),  a  soluble  crystalline  body  having 
interesting  physiological  relations,  inasmuch  as  it  is  obtainable  from 
gelatin  (hence  the  name  glycocoU  or  sugar  of  gelatin,  from  yXvxvg, 
gliicils,  sweet,  and  KolXa,  kolla,  glue)  and  from  hippuric  acid.  The 
presence  of  bile  in  a  liquid,  such  as  urine,  may  be  detected  by  the 
following  tests :  The  fluid  is  gradually  mixed  with  half  its  bulk  of 
strong  sulphuric  acid  in  a  test-tube,  rise  of  temperature  being  pre- 
vented by  partial  immersion  of  the  tube  in  water.  A  small  quan- 
tity of  powdered  white  sugar  is  then  introduced  and  well  mixed 
with  the  acid  liquid,  and  more  sulphuric  acid  then  poured  in  ;  as 
the  temperature  rises  a  reddish  or  violet  coloration  is  produced. 
The  cholacic  acid  liberated  in  the  reaction  furnishes  the  color. 
This  is  Pettenkofer's  test.  It  is  somewhat  interfered  with  by  albu- 
men and  by  volatile  oils.  Quinlan  tests  for  bile  by  placing  a  three- 
millimetre  stratum  of  the  suspected  fluid  before  the  slit  of  a  spectro- 
scope and  observing  the  absorption,  which  extends,  according  to  the 
amount  present,  from  the  violet  of  the  spectrum  as  far  as  the  Fraun- 
hofer  line  D. 


Solid  Fats. — 1.  Lard{Adeps,  U.  S.  P.)  is  the  purified  internal  fat 
of  the  abdotnen  of  the  hog — the  perfectly  fresh  omentum  or  fare, 
washed,  molted,  strained,  and  dried.  Lard  Oil  (Oleum  Adipis, 
U.  S.  P.),  which  is  ehiefly  oleiu,  is  "  a  fixed  oil  expressed  from  lard 
at  a  low  temperature."  Sp.  gr.  0.900  to  0.920.  2.  Bcnzoaied  Lard 
{Adeps  Beiizuinatus,  U.  S.  P.)  is  lard  heated  over  a  water-bath  with 
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2  por  cent  of  benzoin,  which  communicates  an  a2;reeable  odor  and 
prevents  or  i-etards  rancidity.  Lard  in  a  mixture  of  olein  and 
stearin ;  iiiari/ariit,  the  margarate  of  fjlyccryl,  was  formerly  sup- 
posed to  be  a  constituent  of  hii'd  and  oth(!r  soft  fats,  but  is  now 
reijarded  as  a  mere  mixture  of  pahnilin  (tlie  chief  fat  of  palm  oil) 
and  stearin.  3.  Yellirw  Wax  {Cera  Flam,  U.  S.  P.),  (sp.  gr.  0.955 
to  ().()()7  ;  melting-point  63°  to  (54°  C),  the  prepared  •honeycomb  of 
the  ilive-Bee,  and  the  same  bleached  by  ex|)osure  to  sunlight. 
4.  White  Wax  {Cera  Alba,  U.  S.  P.)  (sp.  gr.  ().y65  to  0.975;  melt- 
ing-point about  65°  C),  according  to  Brodie,  is  chiefly  a  mixture 
ofCerotic  Acid  (RC.Jl^fi.;),  Palmitate  of  Melissijl  {GJ\c,S-\s^IA), 
and  about  5  per  cent,  of  Ceroleine,  the  body  to  which  the  color,  odor, 
and  tenacity  of  wax  are  due.  "  If  1  gm.  of  yellow  wax  be  boiled, 
for  half  an  hour,  with  40  gm.  of  solution  of  soda  (sp.  gr.  1,180),  the 
volume  being  preserved  by  the  occasional  addition  of  water,  the  wax 
should  separate  on  cooling,  without  rendering  the  li((uid  opaque, 
and  no  precipitate  should  be  produced  in  the  filtered  liquid  by  hy- 
drochloric acid  (abs.  of  fats  or  fatty  acids,  Japan  wax,  resin) ;  nor 
should  the  same  reagent  produce  a  precipitate  in  water  whicii  has 
been  boiled  with  a  portion  of  the  wax  (abs.  of  soap).  If  5  gm.  of 
wax  be  heated  in  a  tlask  for  fifteen  minutes  with  25  gm.  of  sulphu- 
ric acid  to  160°  C.  (320°  F.),  and  the  mixture  diluted  with  water,  no 
solid,  wax-like  body  should  separate  (abs.  of  paraffin)."- — U.  S.  P. 
Ccrecine,  the  purified  native  ozokerita  (oCw,  ozu,  I  smell ;  xvpoc,  keros, 
wax)  of  Galicia,  is  a  solid  hydrocarbon  largely  used  as  a  substitute 
for  l)eeswax,  especially  in  Russia.  It  differs  from  beeswax  chem- 
ically in  being  almost  unattacked  by  warm  oil  of  vitriol.  5.  Sper- 
maceti  {Cetaceum,  U.  S.  P.)  is  the palniiiaie  of  cet/ii/l  {C^gUy^C^f^^fi.^), 
or  cetiiie ;  when  saponified  it  yields,  not  glycerin,  the  hydrate  of 
glyceryl  (C3H33IIO),  but  et.kal,  the  hydrate  of  cetyl  (CifiHgjIiO) ;  it 
is  the  solid  crystalline  fat  accompanying  sperm  oil  in  the  head  of 
the  spermaceti  whale.  Sp.  gr.  about  0.945 ;  melting-point  near 
50°  C.  6.  Suet,  the  internal  fat  of  the  abdomen  of  the  sheep,  puri- 
fied by  melting  and  straining,  forms  the  official  Seviun,  U.  S.  P. ;  it 
is  almost  exclusively  composed  of  stearin  (C3II53CJ8H35O2).  7.  Ex- 
pressed oil  of  niibneg  {Oleum  Mipisdcce  Expressum,  B.  P.),  com- 
monly but  erroneously  termed  Oil  of  Mace,  is  a  mixture  of  a  little 
volatile  oil  with  much  yellow  and  white  fat;  the  hittcv  is  mipisiin 
or  myristate  of  glyceryl  (CjIIsSCj^IIjjO.^).  8.  Oil  of  tlic.ohroma,  or 
Cacao-hut fer  {Oleum  Theobroiiue,  U.  fe.  P.),  chiefly  theobromate  of 
glyceryl  (Kingzett),  is  a  solid  product  of  the  roasted  and  roughly 
crushed  seeds  or  cocoa-nilis  of  the  Theolmmut  cacao.  They  contain 
from  one-fourth  to  one-half  of  this  fat;  melting-point  15°  C.  These 
also  furnish,  when  ground,  Jlake  cocoa;  or  when  gi'ound  find  much 
sweetened,  chocolate;  or  with  farina  and  some  sugar,  cocoa ;  or  with 
a  portion  of  the  I)utter  extracted,  "cocoatina,"  etc.  9.  Cocoa-nut 
oil  or  butter,  a  soft  fat  largely  contained  in  the  edible  portion  of  the 
nut  of  Cocon  nucifera,  or  common  cocoa-nut  of  the  shops,  a  body 
containing  glyceryl  united  with  no  less  than  six  dilfeniiit  univalent 
acidulous  radi(;als — tnunely,  the  caproic  ((',iH|]0,^),  caprylic; ((!^l!,r,(),,), 
rutic  ((-'loMiuO,;),  lauric  (^Vi^zA))  uiyristic  (^^Vi'^v^j),  ii>'d  palmitic 
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(Cji;II.„0,,),  radi'jals  wliiuli,  like  some  from  common  resin,  when 
united  witli  sodium,  form  a  soap  differing  from  ordinary  hard  soap 
(oleate  of  sodium)  by  heinj^  tolerably  soluble  in  a  solution  of  chlo- 
ride of  sodium;  hence  the  use  of  cocoa-nut  oil  and  resin  in  making 
rnaruie  suap,  a  soap  which,  for  the  reason  just  indicated,  readily 
yields  a  lather  in  sea-water.  10.  Kokani  Batter,  Garcinia  Oil,  or 
Concrete  Oil  of  Mangosteen,  a  whitish  or  yellowish-white  fat  obtained 
from  the  seeds  of  Garcinia  indica  or  U.  purpurea,  is  composed  of 
stearin,  rayristiein,  and  olein.  It  is  recognized  officially  in  the 
Pharmacopoeia  of  India  {Garcinice  Purpiirece  Oleum). 

Butter  yields  STj  per  cent,  of  fat  acids  by  saponification  and  de- 
composition of  the  soap  by  acid.  Other  animal  fats,  with  which 
butter  is  likely  to  be  adulterated,  yield  95^.  Hence  the  percentage 
of  fat  acid  yielded  by  a  suspected  sample  of  butter  indicates  not 
only  purity  or  the  opposite,  but  the  extent  of  sophistication. 


Fixed  Oils. — Fixed  and  Volatile  oils  are  naturally  distinguished 
by  their  behavior  when  heated;  they  also  differ  generally  in  chem- 
ical constitution,  a  fixed  oil  being,  apparently,  a  combination  of  a 
basylous  with  an  acidulous  radical,  while  a  volatile  oil  is  more  com- 
monly a  neutral  hydrocarbon  or  the  same  oxidized. 

Dnjing  and  Non-dri/ing  Oils. — Among  fixed  oils,  most  of  which 
arc  oleate  with  a  little  palmitate  and  stearate  of  glyceryl,  a  few, 
such — as  (1)  Linseed  oil  (Olcnm  Lini,  U.  S.  P.,  contained  in  Linuni, 
U.  S.  P.,  Linseed  or  Flaxseed,  the  ground  residue  of  which  "  should 
yield,  when  extracted  with  disulphide  of  carbon,  not  less  than  25 
par  cent,  of  fixed  oil,"'  is  lin.seed  meal),  and  (2)  Cod-liver  oil  {Oleum 
Morrhuai,  U.  S.  P.),  and  to  some  extent  castor  and  crofon — are  known 
as  drying  oils,  from  the  readiness  with  which  they  absorb  oxygen 
and  become  hardened  to  a  resin.  Linseed  commonly'  contains  37  or 
38  per  cent,  of  oil ;  25  to  27  per  cent,  is  obtained  by  sulmiitting  the 
ground  seeds  to  hydraulic  pressure,  10  or  12  per  cent,  remaining  in 
the  residual  oil  cake.  B-jiled  oil  is  linseed  oil  which  has  been  boiled 
with  oxide  of  lead.  This  treatment  increases  the  alteady  great  tend- 
ency of  linseed  oil  to  resinify,  forming  linoxi/n,  CjjIIg^O,,,  on  expo- 
sure to  air.  The  drying  oils  appear  to  contain  linolein,  an  oily 
body  distinct  from  olein.  Cod-liver  oil  contains  a  trace  of  iodine. 
Among  the  non-drying  oils  are  the  following:  (i)  Almond  oil  (Oleum 
Amygdaloi  Exjn-essuni,  U.  S.  P.),  indifferently  yielded  by  the  bitter 
(Amygdala  Aniara,  tJ.  S.  P.)  or  sweet  seed  (Amygdala  Bulris, 
U.  S.  P.)  to  the  extent  of  45  and  50  per  cent,  re.spectivel}'^.  ('ia) 
Cotton-seed  oil  (Oleum  Gossypii  Seminis,  U.  S.  P.)  contains  olein 
and  some  palmitin.  Sp.  gr.  0.920  to  0.930.  It  should  not  be  per- 
manently colored  dirty  yellow  by  sulphuric  acid.  (4)  Crofon  oil 
(Oleum  Crotonis,  B.  P.,  and  Oleum  Tiglii,  U.  S.  P.).  (leuthor  states 
that  no  such  acnd  as  crotoni<!  is  oljtainal)le  from  croton  oil,  l)ut  a(H>tic, 
butyric,  valerianic,  and  higher  memlters  of  the  oleic  series,  together 
with  tiglic  acid,  IICjII^O.^.  (5)  Lycopodium  (U.  S.  P.),  a  yellow  pow- 
der composed  of  the  spores  of  the  common  Club-Moss  (Lycopodium, 
claoatum),  contains  a  largo  proportion  of  a  very  fluid  fixed  oil ;  also 
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an  iilkaloid  (Bodekoi-),  CaJIj^N^Og.  (fi)  Olive  oil  {Oleum  Oliiw,  U.  S. 
I'.),  iilve:itly  noticed  (p.  4()2).  "  11'  1  f;in.  of  olive  oil  bo  aj^itated  in 
a  ti'st-tube  with  2  gm.  of  a  cold  mixture  prepared  from  equal  volumes 
of  strong  sulphuric  acid  and  of  nitric  acid  of  sp.  gr.  1.185,  and  the 
mixture  be  sot  aside  for  half  an  hour,  the  supernatant  oily  layer 
sliould  not  have  a  darker  tint  than  yellowish  ;  nor  should  a  green 
or  red  layer  separate  on  standing  if  i  gm.  of  the  oil  be  shaken  for 
a  few  seconds  with  1  gm.  of  a  cold  mixture  of  sulphuric  acid  (sp. 
gr.  1.830)  and  nitric  acid  (sp.  gr.  1.251J),  and  1  gm.  of  disulphidc  of 
carbon ;  and  if  5  drops  of  the  oil  are  let  fall  upon  a  thin  layer  of 
sulphuric  acid  in  a  Hat-ljottomed  capsule,  no  brown-red  or  dark- 
brown  zone  should  be  developed  within  three  minutes  at  the  line 
of  contact  of  the  two  liquids  (abs.  of  appreciable  quantities  of  other 
fixed  oils  of  similar  physical  properties).  — U.  S.  P.  (7)  Cantor  oW  {Ole- 
um Bicini,  U.  S.  P.),  chiefly  a  riciuoleate  of  ylijcej-i/l  (CjlIjSCiglljjOg) 
or  ricinolcin,  a  .slightly  oxidized  olein,  soluble,  unlike  most  fixed 
oils,  in  alcohol  and  in  glacial  acetic  acid.  Castor-oil  seeds  are  stated, 
by  Tuson,  to  contain  an  alkaloid,  riciniiie.  It  possesses  no  purgative 
property.  (8)  Oil  of  Male  Fern,  a  vermifuge  obtained  by  exhausting 
the  rhizome  {Aspidium,  D.  S.  P.)  with  ether  and  removing  the  other 
by  evaporation — a  dai-k-colored  oil  containing  a  little  volatile  oil  and 
some  resin,  and  officially  termed  an  oleoresin  {Oleoresina  Aspidii, 
U.  S.  P.).  Its  chief  active  constituent  appears  to  be  Jilicic  acid, 
CijIIigOj.  (9)  Fixed  oil  of  Mustard,  a  bland,  inodorous,  yellow  or 
amber  oil,  yielding,  by  saponification  and  action  of  sulphuric  acid, 
glycerin,  oleic  acid,  and  eruric  acid  {\lC,A\^^0.^  (Darby).  (10) 
Arac/iis  oil  {Oleum  Arachis,  P.  I.)  is  found  to  the  extent  of  40  or  50 
p(!r  cent,  in  the  seeds  of  Aracliis  lii/pnrjcea  (P.  1.),  the  Ground-nut  or 
Karth-nut  (so  called  because  the  pod  of  the  herb  in  the  growth  of 
its  stalk  downward  is  forced  beneath  the  surface  of  the  ground,  and 
there  ripens).  It  is  chiefly  olein,  but  contains  hypogasin,  palmitin, 
and  arachin.  The  oil  is  largely  used  in  India  in  the  place  of  olive 
oil,  and  is  becoming  much  employed  in  Europe,  especially  for  soap- 
inaking.  (II)  Sesame  oil,  or  oil  of  semmum,  {Oleum  Sesami,  U.  S.  P.) 
((iing(!lly.  Teal,  or  Benne  Oil),  from  the  seeds  of  Sesamum.  indicuni, 
is  also  largely  used  in  Eui-ope.  It  has  most  of  the  characters  of  the 
best  olive  oil.  (12)  Shark-liver  oil,  from  Squalus  carcliaris  {Olevm, 
Squalfc,  P.  I.),  is  used  to  some  extent  as  a  substitute  for  cod-liver  oil 
in  In<lia. 

Their  physical  qualities  and  the  formukt!  of  their  acidulous  rad- 
icals show  that  th(!  fatty  bodies  are  closely  related,  and  indicate 
that  the  natural  procosses  by  which  they  are  formed  are  probably 
as  closely  related.  The  following  Ta])lo  shows  the  homology  of  the 
fat-acids,  and  gives  their  names,  formulae,  melting-points,  boiling- 
points,  and  natural  and  artificial  sources.  (For  further  information 
respecting  the.sc  acids  and  their  isomers,  the  reader  is  referred  to 
the  Index,  to  works  on  Organic  Chemistry,  to  larger  chemical 
works,  or  to  Watt's  JXciionari/  of  Clicmistri/.) 
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Acids. 

FonrmliB. 

Molec. 
Vol.  =  2. 

Melting- 
poiut. 

Boiling- 
point. 

0  p 

°  C. 

0  p 

°  C. 

HC  H  Oi 

47.3 

8.5 

212 

100 

HC2  II3  O2 

62 

16.7 

244.4 

1 18 

Propionic  ... 

111/3  JH5  Vi 

-5.8 

-21 

285.2 

140.7 

HC4  Ht  O2 

32 

0 

324 

162.4 

Valerianic... 

HC5  H9  02 

.S.2 

-16 

365 

185 

HCo  IIn02 

28.4 

-2 

401 

205 

ffinanthylic. 

HCi  II13O2 

19 

—  10.6 

435 

224 

Caprylic  

HCs  H15O2 

61.7 

-16.5 

457 

236 

Pelargonio .. 

HC9  Hn02 

54.5 

254 

Rutic  

HC10H19O2 

86 

30 

516 

269 

Laurie  

HC12H23O2 

110 

43 

IICUH27O2 

129 

54 

HC16H31O2 

143.6 

62 

HC,8H3502 

159 

70.5 

Arachidic  ... 

HC20H39O2 

167 

75 

Cerotic  

HC27H63  02I174 

79 

HC3oH5902:i92 

i 

89 

Whence  obtained. 


[■Red  ants;  distillation  of 


oxalic  acid  :  and  oxida- 
tion of  iiniylaceous  and 
otlier  organic  bodies. 
Distillation  of  wood:  " 
oxidation  of  alco- 
hol, etc. 
J  Fermentation  of  gly- 
I     cerin,  etc. 
/Butter:  fermentation 
(     of  lactic  acid,  etc. 
j  Valerian  root :  oxida- 
I     tion  of  fusel  oil. 

Butter, 
f  Castor  oil  by  distilla- 
[     tion,  etc. 

Butter;  cocoa-nut  oil. 
f  Leaves  of  tlie  geran- 
j  ium. 
j  Butter;  oil  of  rue  by  ox- 
I  idation. 

I  Cocoa-nut  oil ;  berries  of 
[     the  bay  tree. 
I  Nutmeg-butter ;  cocoa-nut 
)     oil,  etc. 

(Palm  oil;  butter;  bees- 
I     wax,  etc. 

Most  solid  animal  fats. 

Butter;  oil  of  ground-nut. 

Beeswax. 

Beeswax. 


QUESTIONS  AND  EXERCISES. 

828.  Give  a  sketch  of  the  general  chemistry  of  fixed  oils,  ftits, 
and  soaps. 

829.  "What  is  the  difference  between  hard  and  soft  soap? 

830.  Which  soaps  are  official  ? 

831.  Name  the  source  of  lard,  and  state  how  "  Prepared  Lard 
is  obtained. 

832.  State  the  composition  of  Beeswax. 

833.  In  what  does  Spermaceti  differ  from  other  solid  fats  ? 

834.  Mention  the  chief  constituent  of  Suet? 

835.  Whence  is  Cacao-Butter  obtained? 

836.  Why  is  marine  soap  so  called,  and  from  -what  fatty  matter  is 
it  almost  exclusively  obtained? 

837.  What  do  you  understand  by  drying  and  noii-dn/ing  oils? 

838.  In  what  rcsjicct  does  Castor  Oil  differ  from  otiier  oils? 

839.  How  is  oil  of  male  fern  {Ex.  Filiris  Liqiiifhiin)  prc]iared  ? 

840.  Mention  the  sources  and  formula)  of  the  foUowinir  fat-acids : 
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formic,  acetic,  propionic,  butyric,  valerianic,  caproic,  oenanthylic, 
uaprylic,  polargonic,  and  rutic. 


Volatile  Oils. — The  Volatile  or  Esscnfial  Oils  exist  in  various 
parts  of  plants,  at  first,  probably,  as  mere  conil)inations  of  carbon 
and  hydrogen ;  but  such  bijdrurarbons  are  prone  to  change  when  in 
contact  with  oxygen  or  moisture  ;  hence  these  liquids,  even  when 
freshly  obtained  from  the  plants,  and  more  especially  as  they  occur 
in  pharmacy,  are  usually  mixtures  of  the  liquid  hydrocarbons  or. 
elceopteiis  (from  ilaiov,  etaion,  oil,  and  oTTTo/uai,  optomai,  to  see)  (pp. 
469  to  475)  with  oxidized  hydrocarbons,  which  are  commonly  solid 
or  camphor-like  bodies  termed  stearoptens  (from  ariap,  stear,  suet) 
(p.  47;')).  The  oils  are  also  often  associated  with  further  oxidized 
bodies  termed  resins  (p.  477).  Of  the  hydrocarbons,  those  most 
commonly  occurring  are  identical  with  or  are  i.somers  of  that  from 
oil  of  turpentine,  and  are  known  as  terpeiies.  Tilden  separates  these 
terpenes  into  two  groups :  a  turpentine  group  of  true  terpenes 
(C,oII,b),  whose  members  boil  at  156°  C.  to  160°  C,  yield  a  nitroso- 
derivative  melting  at  129°  C,  and  form  a  solid  crystalline  hydrous 
terpene  (C,jTl2o02,H20) ;  and  an  orange  group  (CijII^,),  polymcridcs 
of  the  true  terpenes,  whose  members  boil  at  174°  C.  to  176°  C,  yield 
a  nitroso-dorivative  melting  at  71°  C,  and  foi-m  no  solid  hydrous 
compound.  Kingzett's  researches  had  previously  pointed  to  a  simi- 
lar grouping,  for  he  showed  that  turpentine  and  the  other  similar 
hydrocarbons  (0,^11, g),  and  a/mene  (CiqH,^) — the  probaljle  nucleus  of 
the  terpenes — when  mi.xed  with  water  and  subjected  to  a  current  of 
air,  yielded  to  the  water  peroxide  of  hydrogen  (not  ozone),  camphor, 
and  camphoric  acid,  the  peroxide  of  hydrogen  and  camphoric  acid 
possibly  resulting  from  the  action  of  water  on  a  camphoric  pei'oxide 
((-',„lIuOJ ;  while  the  second  class  (CJ5II2,,)  yield  no  peroxide  of  hy- 
drogen. The  members  of  the  C,gII,g  group  are  easily  convertible 
into  their  polymers  CijII,^^  and  C2oH.,2  by  the  action  of  heat,  strong 
acids,  etc.  As  regards  either  class,  the  members  often  differ  from 
each  other  in  their  action  on  polarized  light.  Among  the  oxidized 
hydrocarbons  occur  several  aromatic  aldehyds ;  these,  like  ordinary 
alflehyds,  form  stable  crystalline  compounds  with  acid  sulphite  of 
sodium.  On  cooling  a  volatile  oil,  a  stcaropten  often  crystallizes 
out,  or  on  distilling  an  oil  it  remains  in  the  retort,  being  less  vola- 
tile than  an  elajopten.  Volatile  oils  should  obviously  be  preserved 
in  wcill-closed  bottles.  Oxidation  also  proceeds  more  slowly  in  a 
cold  than  in  a  warm  temperature. 

(For  a  paper  l)y  Symes  on  the  varying  power  of  a  large  number 
of  essential  oils  to  twist  a  ray  of  jilane  polarized  liglit,  see  the 
Pharmaceutical  Journal  for  September  13,.  1879.) 

The  process  by  which  volatile  oils  are  usually  obtained  from 
herbs,  flowers,  fruit,  or  seeds  may  be  imitated  on  the  small  scale 
by  placing  tlie  material  (bruised  cloves  or  caraways,  for  instance) 
in  a  tubulated  retort,  adapting  the  retort  to  a  Liebig's  conden- 
ser, and  passing  steam,  generated  in  a  Florence  flask,  through 
40 
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a  glass  tube  to  the  bottom  of  the  warmed  retort.  Tlie  steam 
in  its  passage  through  the  substanee  will  carry  the  oil  over  the 
neck  of  the  retort  into  the  condenser,  and  thence,  liquefied  and 
cooled,  into  the  receiving  vessel,  where  the  particles  of  the  oil 
will  be  found  floating  on  the  water.  It  may  be  collected  by 
running  off  the  distillate  through  a  glass  funnel  having  a  stop- 
cock in  the  neck,  or  by  letting  the  water  from  the  condenser 
drop  into  an  old  test-tube  which  has  a  small  hole  in  the  bottom, 
or  any  similar  tube  placed  in  a  larger  vessel,  the  water  and  oil 
being  subsequently  run  off  separately  from  the  tube  as  from  a 
pipette.  Volatile  oils,  like  fixed  oils,  stain  paper,  but  the  stain 
of  the  former  is  not  permanent  like  that  of  the  latter.  Oils 
of  lemon  and  orange  are  sometimes  obtained  by  mere  pressure 
of  the  rind  of  the  fruit. 

The  following  official  (U.  S.  P.)  waters  are  made  by  distribu- 
ting 2  parts  of  volatile  oil  over  the  large  surface  afforded  by 
four  parts  of  cotton,  and  percolating  with  1000  parts  of  dis- 
tilled water:  Aqitse  Ain'si,  Cinnajnomi,  F'ueniciiN,  Meiithge 
J-'ipen'tse,  Mentlise  Vindis.  Aqua  Auranlii  Florum,  U.  S.  P., 
and  Aqiia  Roxse,  U.  S.  P.,  are  obtained  by  distilling  40  parts 
of  flowers  with  200  of  water. 

The  presence  of  alcohol  in  an  essential  oil  may  be  detected 
and  its  quantity  estimated  by  shaking  with  an  equal  bulk  of 
pure  glycerin.  The  latter  dissolves  the  alcohol,  and  is  aug- 
mented in  volume  according  to  the  amount  of  alcohol  present 
(Boettger).    For  tests  for  the  alcohol  see  page  429. 

A  large  number  of  volatile  oils  are  cmploj'ed  in  medicine,  either 
in  the  pure  state,  in  the  form  of  saturated  aqueous  solution  (medi- 
cated waters),  solution  of  spirit  of  wine,  1  in  5  {Essentia  Anisi  and 
Essentia  Mentkce  Piperita'.,  B.  P.)  and  1  in  50  {Spiritus  Cajapiifi, 
Jiiniperi,  Lavandula,  Mentha;  Pijierita',  Mi/i'isticce,  Rosmarini — 
B.  P.),  or  as  leading  constituents  in  various  barks,  roots,  leaves,  etc. 
The  strength  of  Spiritus  Anisi,  U.  S.  P.,  and  Sp.  Cinnamomi,  U.  S. 
P.,  is  10  of  oil  to  90  of  alcohol.  Sp.  Mentha;  Piperita;,  U.  S.  P.,  and 
Sp.  Menth.  Viridis,  U.  S.  P.,  are  of  similar  strength,  but  also  con- 
tain whatever  may  be  extracted  by  the  100  parts  of  the  spirit  from 
1  part  of  the  dried  herb.  Sjnritus  Auraniii,  U.  S.  P.,  contains  6  of 
oil  and  94  of  alcohol ;  Sp.  Gaultheria',  U.  S.  P.,  Sj).  Jnniperi,  U.  S.  P., 
Sp.  Lavandula:,  U.  S.  P.,  and  Sp.  Mi/risdcce,  U.  S.  P.,  contain  3  of 
oil  and  97  of  alcohol ;  Spiritus  Limonis,  U.  S.  P.,  is  made  with  6  of 
oil,  4  of  freshly-grated  lemon-peel,  and  alcohol  sufficient  to  produce 
100  of  filtered  product.  Perfumes  ("scents"  or  ''essences,"  includ- 
ing "Lavender-Water"  and  "Eaude  Cologne,"  or  "Cologne-Water, 
Perfumed  Spirit  or  Spiritits  Odoralits,"  as  it  is  termed  in  U.  S.  P.) 
are  for  the  most  part  solutions  of  essential  oils  in  spirit  of  wine  or 
spirituous  infusions  of  materials  containing  essential  oils.  The  fol- 
lowing oils  are,  directly  or  indirectly,  ollicial  iu  the  Pharmacopa;ias : 
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I.  Yolatilo  oil  of  Bitter  Almond  (p.  41(5).  2.  Oil  of  the  fruits  of 
AJwain  or  Omum,  Canim  AJoivan,  or  Ftycliotis  Ajoioan  [Fructus 
Ftijchofis,  P.  I.),  contains  cymol  or  cijmene  (C'mll,,)  and  a  stearoptcn 
{AJicaiH-ka-j>/iiiI,  liowors  of  ajwain)  identical  with  tliymol,  CjqIIj^O. 
3.  Oil  of  Dill  {OlcHiii  Anethi,  B.  P.),  a  pale,  yellow,  pungent,  acrid 
liquid  distilled  from  dill-fruit ;  it  contains  a  hydrocarbon,  cmetJiene 
(Ciollij),  and  an  oxidized  oil  (C,|,ITj,0)  identical  with  the  carvol  of 
oil  of  caraway  (Gladstone).  4.  Oil  of  Aniseed  {Oleum  Anisi,  U.  S. 
P.),  a  colorless  or  pale-yellow  liquid,  sp.  gr.  0.976  to  0.990,  of  sweet- 
ish warm  flavor,  distilled  in  Eui'ope  from  the  Anise-fruit  (Fivijiinella 
anisiim)  {Aiti.suiii,  U.  S.  P.),  and  in  China  fi-om  the  fruit  of  Star- 
Anise  {Illicium  aiiisaium)  (lUicium,  U.  S.  P.)  ;  it  is  a  mixture  of  a 
hydrocarbon  isomeric  with  oil  of  turj)entine  and  mietJiol,  a  stear- 
optcn (C,oII,2)  which  crystallizes  out  at  low  temperatures.  5.  Oil 
of  C hamomile  ( Oleum  Anihemidis,  B.  P.),  a  bluish,  or,  when  old, 
yellow  oil,  of  characteristic  odor  and  taste,  distilled  from  chamomile 
flowei'-heads  (Ant/iemis,  U.  S.  P.).  The  official  variety  {Anthemis 
nobilis)  yields  about  0.2  per  cent,  of  an  oil  composed  of  a  hydro- 
carbon (CjoHij)  and  an  oxidized  portion  (Cmll,„0.^),  Avhich,  heated 
with  potash,  gives  angelate  of  2wtassium  (KCjjll^OJ,  whence  is  ob- 
tained angelic  acid  (IlCjH^O.,).  According  to  Demarcay,  Kopp,  and 
Kiibig,  the  oil  is  a  mixture  of  the  angelates  of  butyl  and  amyl  and 
similar  bodies.  The  flower-heads  of  another  variety,  Matricaria 
chamomilla  (Matricaria,  U.  S.  P.),  contain  a  stearopten  (Cj^Hj^O) 
having  the  composition  of  laurel-camphor.  6.  Oil  of  Horseradish- 
root  (Armoracice  Radix,  B.  P.)  is,  according  to  Ilofmann,  the  sulpho- 
cyanate  of  butyl  or  tetryl  (C^IIgCNS) ;  it  is  the  chief  active  ingre- 
dient of  Spiri.tus  Armoracice  Composilus,  B.  P.  7.  Oil  of  Stccet- 
Oraiige  peel  {Aurantii  Didcis  Cortex,  U.  S.  P.)  and  Oil  of  Bittei'- 
Orange  rind  {Aurantii  Amari  Cortex,  B.  P. ;  Olevvi  Aurantii 
Corticis,  U.  S.  P.),  the  former  the  flavoring  constituent  of  the 
official  syrup  of  the  j)cel  {Syriqms  Aurantii,  U.  S.  P.),  and  the  oils 
of  various  species  of  Citrus — namely,  8,  lemon  {Oleum  Limonis,  U. 
S.  P.),  from  Lemon  Peel  {Limonis  Cortex,  U.  S.  P.);  9,  lime;  10, 
hergamot  {Oleum  Bergamii,  U.  S.  P.);  11,  citron,  and  a  variety  of 
citron  termed  cedra — resemble  each  other  in  composition,  all  con- 
taining hesperideue,  a  hydrocarbon  (CijlTj.,),  and  a  small  quantity  of 
oxidized  hydrocarbons  (C,oII,o05,C,5lli(|Oj,  and  (Wright  and  Piesse) 
(Cj^ILjijO,).  Tilden  states  that  lemon  oil,  distilled  from  the  fresh 
peel,  consists  chiefly  of  a  terpene  (C\oII,b),  boiling  at  176°  C,  Avith 
small  quantities  of  a  terpene  boiling  below  160°  and  a  hydrous 
terpene ;  the  odor  of  the  oil  being  due  to  the  mixture.  Expressed 
lime-essence  also  contains  a  soft  resin.  12.  Oleum  Avrantii  Fl.orum, 
U.  S.  P.,  Oil  of  Neroli,  or  Orangc-Flomrr  {Avrantii  Flares,  U.  S.  P.), 
the  afpieous  solution  of  which  is  official  in  the  forms  of  water  {Aqua 
Aurantii  Florvm,  U.  S.  P.)  and  syrup  {Si/rupus  A  urantii  Flormu,  B.  P. 
and  U.  S.  P.),  contains  a  fragrant  hydrocarbon  (C,nll,„),  colorless  when 
fresh,  but  becoming  red  on  exposure  to  light,  and  an  inodorous  oxi- 
dized hydrocarlmn.  Strong  acids,  especially  nitric,  attack  the  oil  in 
orange-flower  water,  coloring  the  fluid  of  a  rose-tint.  13.  Oil  of  Fetit 
(•'ruin,  distilled  from  the  leaves  and  shoots  of  the  orange  tree,  con- 
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sists  chiefly  of  a  hydrocarbon  apparently  identical  with  that  of  oil  of 
neroli.  li.  The  leaves  of  Boldu  {Feurnus  boiduts),  a  Chilian  shrub 
(tonic  and  hepatic),  yield  2  per  cent,  of  essential  oil  (and,  according 
to  Bourgon  and  Verne,  an  alkaloid,  boldine).  15.  Oil  of  Bucliu- 
leaves  (Buchii,  U.  S.  P.)  consists  chiefly  of  a  fluid  oil  (0,olI,gO) 
holding  in  solution  a  crystalline  steai'opten,  diosphenol 
(Fluckiger).  16.  Oil  of  Cannabis  Indim  (see  p.  47<S).  17.  Oil  of 
(the  lesser)  Cardamom,  from  seeds  of  the  capsules  {Cai-damomum, 
U.  S.  P.),  is  chiefly  a  hydrocarbon  (CjoIIj^)  isomeric  with  oil  of  tur- 
pentine and  a  camphor  resembling  turpentine-camphor  (C|QH,g31I./J). 

18.  Oil  of  Cajiiput  {Oleum  Cajupnti,  U.  S.  P.)  is  a  mobile  bluish 
liquid,  consisting  chiefly  of  hydrous  cajaputtne  or  vajapulol  (CjflH,g,- 
IIjO).  The  latter,  repeatedly  distilled  from  phosphoric  anhydride, 
yields  cajuputene  itself  (Ciglljg),  which  has  the  odor  of  hyacinths. 
Fresh  cajuput  oil  has  a  green  hue,  which  is  perhaps  transient,  for 
the  color  of  the  oil  of  trade  is  due  to  copper  ((ruibourt  and  Histed)  ; 
certainly  the  green  coloring-matter  of  pure  cajuput  oil  is  organic. 

19.  Oil  of  Caraway-fruit  {Carum,  U.  S.  P.)  {Oleum  Carui,  B.  P.; 
Oleum  Cart,  U.  S.  P.)  is  a  mixture  of  carvenc  (CjstljJ  and  carvol 
(C,qHj^O).  20.  Oil  of  Cloves  {Uari/ojjhi/Uus,  U.  S.  P.;  Oleum  Carijo- 
phi/lli,  U.  S.  P.)  and  of  Pimento  or  Pimenta,  U.  S.  P.,  or  Allspice 
{Oleum  Pimento;,  U.  S.  P.),  both  heavier  than  water,  contain  a  liquid 
hydrocarbon  (CijHjJ,  eugenic  acid  (CioHuO^),  a  solid  body,  eagenin, 
isomeric  with  the  eugenic  acid,  a  second  crystalline  substance,  caryo- 
phi/Uin  (CiQH,gO),  isomeric  with  common  camphor,  and  a  salicylic 
compound.  2i.  Oil  of  Cascarilla-bark  {Cascarilla,  U.  S.  P.)  has  not 
been  fully  examined.  22.  Oil  of  Cinnamon-bark  {Cinnamomum, 
U.  S.  P.)  and  of  Cassia-bark  is  mostly  hydride  of  cinnarayl  or  cin- 
nauiic  aldehyd  (CgII,OH).  Boiled  with  nitric  acid,  it  furnishes  hy- 
dride of  benzoyl  (O^HjOH)  and  benzoic  acid  (IIC7H5O2),  with  chloride 
of  lime  yields  benzoate  of  calcium  (Ca2CYM502),  and  with  caustic 
potash  gives  cinnamate  of  potassium  (KCgH^O.^).  The  specific  gravity 
of  oil  of  Ceylon  cinnamon  is  about  1.040,  and  of  Chinese  cinnamon 
(oil  of  Cassia)  about  1.060.  Both  are  termed  Oleum  Cinnamomi  in 
U.  S.  P.  23.  Oil  of  Citronella,  a  grass  oil,  from  Andropogon  nardus, 
is  chiefly  composed  of  citronellol  (Cj^HigO  and  CjoHjgO,  Wright), 
probably  isomeric  with  the  absinthol  from  the  Artemisia;  absinthium 
or  wormwood  {Absinthium,  U.  S.  P.)  (Gladstone).  24.  Oil  of  Co- 
paiva  or  Copaiba  {Oleum  Copaibce,  U.  S.  P.)  and,  25,  of  Cubehs 
{Oleum  Cubebce,  U.  S.  P.),  are  hydrocarbons,  having  the  formulas 
C15H24.  This  cubebene  is  sometimes  associated  with  a  camphor, 
hydrous  cubebene  (CijHj^,!!^^))-  Oil  of  cubebs  also  contains  a  small 
quantity  of  a  terpene  (CjoHu).  26.  Oil  of  Coriander  {Coriandrum, 
U.  S.  P.  ;  Oleum  Coriandri,  U.  S.  P.)  seems  to  have  the  composition 
of  hydrous  oil  of  turpentine  (C,olI,6,lI.p).  27.  The  fruits  of  Cumin 
or  Cummin  {Cuminum  cyminuni),  an  ingredient  of  many  curry- 
powders,  contain  about  3  per  cent.,  and  those  of  Water  Hemlock,  or 
Cowbane  {Cicada  virosa),  about  \\  per  cent.,  of  an  essential  oil  coni- 
posed  of  Cymol  or  Cymene  (C,q1I,j)  and  Cuminol  {O^^lyfi).  The 
latter  is  an  aldehyd  readily  uniting  with  alkaline  bisulphites  and 
by  oxidation  yielding  Cuminic  Acid  (CjqII,._,0,J.    Cymol  also  occurs 
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in  Garden  Thyme  {Thymus  vulr/aris).  27a.  The  fresh  flowering 
liorb  of  Erigeron  canadense,  or  Canadian  Flcabane,  yields  an  essen- 
tial oil  {Oleum  Erigerontis,  U.  S.  P.)  28.  Eucalyptus  globulus  leaves 
{Eucalyptus,  U.  S.  P.)  furnish  nearly  1  per  cent,  of  an  oil  {Oleum 
Eucalypti,  U.  S.  P.)  of  sp.  gr.  0.917,  the  more  volatile  and  chief 
portion  of  which  is  cucalyptol  or  cymene,  and  a  terpene  (C,(,lli4 
+  2C,QH,g),  together  with  an  oxidized  portion,  CiqH,^0  and  Ci(,IIi,jO. 
29.  E lecampane-root.  Inula  Helenium  {Inula,  U.  S.  P.),  by  distilla- 
tion with  water  yields  solid  volatile  helewin  (CgllgO),  a  camphor  oil 
or  inulol  (CiqIIjuO),  and  inulic  anhydride  (CjjlI^^Og).  30.  Oleum 
Fainic.uli,  U.  S.  P.,  Oil  of  i^e/t/ieZ-fruit  {Ftxniculum,  U.  S.  P.)  differs 
in  odor,  but  contains  the  same  proximate  constituents  as  oil  of  anise. 
31.  Oil  of  Geranium,  or  Ginger  Grass  oil,  from  Andropngon  schce- 
nanthus  and  various  species  of  Pelargonium,  contains  geraniol 
(CjijlIigO).  Oil  of  Hedeoma  or  American  Pennryoyal  ( Oleum  Hedeomce, 
U.  S.  P.)  has  a  sp.  gr.  of  about  0.940.  32.  Grains  of  Paradise  {Amo- 
vium  melegueta),  Guinea  Grains  or  Melegueta  Pepper,  Semina  Car- 
damomi  Majoris,  contain  an  essential  oil  (CjgHjg  and  C^^Hj^O)  and  a 
highly  pungent  resin.  33.  Oil  of  Juniper  {Oleum  Junipeii,  U.  S.  P.), 
the  active  constituent  of  Juniper  Tops  and  Berries  {Junipe^'us, 
U.  S.  P.),  contains  a  hydi'ocarbon  (Ciolliu)  which  by  contact  with 
water  yields  a  white  crystalline  hydrous  compound  (OjQH,g,H^O)  and 
a  polymei-ic  hydi'ocarbon  (CjqHj.,).  34.  Oil  of  Lavender  {Oleum 
Lavandulce,  U.  S.  P.),  from  the  flowering  tops  or  whole  herb,  and 
Oleum  Lavandulce  Florwm,  U.  S.  P.,  from  the  flowers,  o(  Lavandula 
vera  {Lavandula,  U.  S.  P.),  has  not  been  satisfactorily  examined. 
.34rt.  Oil  of  Myrcia  {Oleum  Myrcice,  U.  S.  P.),  oil  of  bay,  or  bay- 
berry  oil  (sp.  gr.  about  1.040),  is  ol)tained  from  the  leaves  of  Myrcia 
acris.  35.  Oil  or  butter  or  camphor  of  Orris  {Iris  Jlorenlina)  is  a 
soft  solid  lighter  than  water.  Fllickiger  and  Ilanbury  found  it  to  be 
chiefly  myristic  acid  associated  with  a  little  essential  oil.  36.  Oil  of 
PepjKrmint  {Oleum  Menihce  Piperiice,  U.  S.  P.)  consists  of  a  hydro- 
carbon, menthene  (CiqH,„),  different  from  that  of  most  volatile  oils, 
and  hydrous  menthene  (CionigjHjO),  a  crystalline  stearopten.  37. 
Oil  of  (Spearmint  {Oleum.  Mentlue  Viridis,  U.  S.  P.),  the  Common 
Mint  of  the  kitchen-garden,  contains  a  liquid  having  the  formula 
^'lo^^ioO  or  C,|,TI,j„lT^O ;  also,  according  to  Gladstone,  menthol 
((',„1I|,0),  isomeric  with  carvol.  38.  Oil  of  Pennyroyal  {Mentha 
2)ulitgium)  contains,  according  to  Kane,  C]„II,gO.  38a.  The  leaves 
and  tops  of  Melissa  officinalis  or  Balm  {Melissa,  U.  S.  P.),  yield  a 
volatile  oil  containing  a  camphor.  39.  Oil  of  Nutmeg  {Oleum  My- 
risticce,  B.  P.  and  U.  S.  P.),  and  of  the  arillus  of  the  nutmeg  or  mace 
{Maris,  U.  S.  P.),  is  composed  of  a  hydrocarbon,  7nyristicene  {C^gll^f), 
and  myristicol  (C,(,II,rP)  (Gladstone!).  39rf.  Oil  of  Origanum,  from 
Origanum  vulgare,  or  Wild  Marjoram  {Origanum.,  U.  S.  P.),  is  of  a 
bright  yellow  and  has  an  odor  somewhat  like  peppermint;  it  is  a 
mixture  of  a  liepiid  hydrocarbon  and  a  camphor  which  is  deposited 
after  long  standing.  41).  Oil  or  Oto  or  J^to- of  Cahhage- Rose  Petals 
{lioste  Centifolia,  U.  8.  !'. ;  Oleu.m  Rosa;,  U.  S.  P.)  gives  the  frag- 
rance to  rose-water  {Aqu.a  Rosce,  B.  P.).  It  resembles  most  other 
volatile  oils  in  Ix'ing  composed  of  a  liydnxrarbon  and  an  oxidized 
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portion,  but  differs  from  fill  in  this  respect,  that  the  hydrocarbon  is 
solid  and  is  destitute  of  odor,  while  the  oxygenated  constituent  is 
liquid  and  the  source  of  the  perfume.  According  to  Fliickiger,  the 
solid  hydrocarbon  (C'ljIIjj)  yields  succinic  acid  as  the  chief  product 
of  its  oxidation  by  nitric  acid,  and  in  other  respects  affords  evidence 
of  belonging  to  the  paraffin  series  of  fats.  41.  Rosmarinus,  U.  S.  P., 
Oil  of  liosemary-tops  (Oleum  Eosmarini,  U.  S.  P.),  exists  in  the 
plant  to  the  extent  of  from  li  to  3  parts  per  1000.  It  chiefly  con- 
sists of  a  hydrocarbon  (CjgII,g)  reseniljling  that  from  Mj'rtle,  Mijrtus 
communis,  but  also  contains  oxygenized  oil  and  stcaropten  (C,(,H,gO 
and  CjQlIjgO)  in  variable  proportions.  42.  Oil  of  Rue  (Oleum  Euice, 
U.  S.  P.)  contains  a  small  quantity  of  hydrocarbon  (Ou,!!,^),  with 
some  rutic  aldehyd  (CjqIIjoO),  but,  according  to  Greville  AVilliams, 
is  chiefly  euodic  aldehyd  (CuII^^O))  some  lauric  aldehyd  (C^^^^i^) 
also  being  present.  Gorup-Besancz  and  Grimm  have  obtained  oil 
of  rue  (C^Hj.jO)  artificially  as  one  of  the  products  of  the  destructive 
distillation  of  acetate  and  caprate  of  calcium.  43.  Oil  of  Savine 
(Oleum  Sahi.nce,  U.  S.  P.),  from  the  tops  of  Juniperus  Sabina  or 
Savine  (Sabina,  U.  S.  P.),  contains  several  hydrocarbons,  but  none 
isomeric  with  oil  of  turpentine  (Tilden).  43a.  Sage  (Salvia,  U.  S.  P.) 
contains  about  40  per  cent,  of  salviol,  G^^H^fi ;  about  20  per  cent, 
of  two  CiqITii,  hydrocarbons,  boiling  at  156°  C.  and  167°  C.  respect- 
ivel}^ ;  about  10  per  cent,  of  a  camphor,  C,oHigO ;  and  about  10  per 
cent,  ofcedrene,  CijHj^  (Muir).  44.  O'A  Elder-Jloioers  (Sambucus, 
U.  S.  P.)  occurs  in  very  small  quantity ;  it  has  a  butyraceous  con- 
sistence :  it  contains  a  hydrocarbon,  sambucene  (CjoHjg),  and  prob- 
ably a  camphor.  45.  Oil  of  Sandal- Wood  (Oleum  Santali,  U.  S.  P.), 
or  oil  of  Santal,  has  not  been  thoroughly  examined.  It  occurs  to 
the  extent  of  about  1  per  cent,  in  the  fragrant  white  or  yellow  sandal- 
wood of  India,  Sanlalum  album,  a  small  tree  of  the  natural  order 
Santalacese,  and  not  to  be  confounded  with  the  Pterocarpus  sanla- 
linus,  a  tree  of  the  natural  order  Leguminosa3,  and  furnishing  the 
inodorous  Eed  Sandal-Wood  or  Red  Sanders-Wood  of  the  dj^er. * 
46.  Oil  of  Sassafras-root,  (Oleum  Sassafras,  U.  S.  P.),  sp.  gr.  1.094 
(Sassafras,  U.  S.  P.),  yields  safren  (C,(,ri,g)  and  large  quantities  of 
a  stearopten,  safrol  or  sassaf-ol  (C,„HiqO.^).  47.  Oil  of  Miisiard 
(Oleiim  Sinapis  Volatile,  U.  S.  P.)  is  the  sulphocyanate  of  allyl  (p. 
453).  If  adulterated  with  alcohol  its  sp.  gr.  is  below  1.015.  48.  Oil 
of  Sioeet  Flag  (Acorus  calamus)  contains  the  hydrocarbon  C,(,II,b. 
(The  rhizome.  Calamus,  U.  S.  P.,  also  contains  Acorin,  a  bitter 
glucoside.)  48a.  The  tops  and  leaves  of  Thuja  occidenialis,  or  Arbor 
Vitoi  (Thuja,  U.  S.  P.),  yields  two  oxygenated  oils  (also  a  bitter  prin- 
ciple, pinipicrin).  49.  Oil  of  TurpenUne  (Oleum  Terebinfhiiia;, 
U.  S.  P.).  Turpentine  itself  is  really  an  oleo-resin  of  about  the  con- 
sistence of  fresh  honey.  It  flows  naturally  or  by  incision .  from  the 
wood  of  most  coniferous  trees,  larch  (Larix  Europa:a)  yielding 
Venice  turpentine,  Abies  balsameoi  furnishing  Canadian  turpentine, 
Bulsamof'Firov  Canada  Balsam  (Terebinthina  Canadensis,  U.  S.  P.), 
the  bark  of  Pistachia  terebinthus,  the  variety  termed  Chian  Turpen- 
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tine  (containing  about  1  part  of  essential  oil  to  7  of  resin),  and  the 
J'iiius  palustris,  I',  anstralis,  P.  abies,  P.  jyinastcr,  and  P.  tccda 
atibrding  the  common  American  turpentine,  TereJiiathina,  U.  S.  P. 
Pinus  maritima  gives  the  French  or  Bordeaux  turpentine,  and  P. 
picea,  the  old  fragrant  Strasbui'g  turpentine.  By  distiUation  tur- 
pentine is  separated  into  rosin  or  resin  (p.  477),  which  remains  in  the 
still,  and  essential  oil  of  turpentine,  ol'ten  termed  simply  turpentine, 
sjiirit  of  turpentine,  or  "  turps,"  which  distils  over.  Mixed  with 
alkali  to  saturate  resinous  acids,  and  redistilled,  oil  of  turpentine 
furnishes  about  80  per  cent,  of  rectifed  oil  of  turpentine.  Under  the 
inlluonce  of  heat,  chemical  agents,  or  both,  pure  oil  of  turpentine 
(C,|,IIi,;)  yields  many  derivatives  of  considerable  chemical  interest. 
The  terpene  of  Bordeaux  turpentine  (terebenthene)  rotates  a  ray  of 
polarized  light  more  than,  and  in  the  opposite  direction  to,  the  terpene 
of  American  turpentine.  5U.  Oil  of  common  garden  Thyme  {Thymus 
vulgitris),  Oleum  Thijmi,  U.  S.  P.,  is  composed  of  cijmene  or  cymol 
(C,gII,J,  fhyinene  (C,qH,„),  and  thymol  (Cj^Hj^O)  {Thymol,  U.  S.  P.), 
Thymol  is  also  contained  in  (5()rt.)  Oil  of  Horsemint  {Moaardci). 
Thymol  crystallizes  out  when  oil  of  thyme  or  of  ptychotis,  etc.  is 
kept  at  a  low  temparature  for  a  day  or  two.  It  may  also  be  olitained 
by  shaking  the  oils  with  caustic  alkali  and  treating  the  separated  al- 
kaline liquid  by  an  aoid.  It  may  be  purified  by  distillation  or  crystalli- 
zation from  alcohol.  It  would  seem  that  as  an  antiseptic  thymol  is  far 
stronger  than  carbolic  acid.  51.  Oil  turmeric  {Curcuma  longa)  is  said 
by  Jackson  and  Menke  to  be  chiefly  an  alcohol  having  the  formula 
CjcjII.^yTIO.  They  name  it  turmerol.  It  is  a  light  yellow  volatile  oil, 
having  the  sp.  gr.  0.902.  It  is  to  this  oil  that  turmeric  (and,  there- 
fore, curry-powder)  owes  its  flavor  and  odor.  52.  Oil  of  Valeria'i- 
root  {  Valeriana,  U.  S.  P.)  {Oleum  Valeriance,  U.  S.  P.)  is  a  mixture  of 
a  hydrocarbon,  valerene  or  bnrneiine  (CiqIIi^),  and  valerol  (CyII,f|0). 
Valerol  slowly  oxidizes  to  valerianic  acid,  known  by  its  smell.  A. 
similar  change  occurs  at  once  if  oil  of  valerian  be  allowed  to  fall, 
drop  by  drop,  on  heated  caustic  potash:  CgHmO  +  SKIIO  + 
----  K.^COg  -|-  KCjHgO^  4-  3II2.  By  the  action  of  sulphuric  acid  on 
the  valerianate  of  potassium  thus  produced,  valerianic  acid  is  ob- 
tained. 53.  Oil  of  Verbena,  Lemon-Grass  Oil,  or  Indian  Melissa 
Oil,  is  obtained  from  Andropngon  citratus  {Oleum  Andropogi  Citrati, 
P.  I.).  54.  Oil  of  Ginger  {Zingiber,  U.  S.  P.)  is,  according  to  Thresh, 
a  complex  mixture  of  hydrocarbons  and  of  their  oxidation  products. 
C'ymene  (Cmll,,)  is  present,  a  terpene,  adehyds,  and  ethereal  salts. 
(For  an  analysis  of  ginger,  l>y  Thresh,  and  for  a  paper  on  "  Solulile 
Essence  of  Ginger,"  sec  the  P harmacentical  Journals  for  August  30 
and  September  6,  1879,  and  March  4,  1882.)  55.  American  worm- 
seed  {Ciienonodium,  U.  S.  P.)  contains  a  volatile  oil  {Oleum  Caeno- 
podii,  U.  S.  P.). 

Cajiphors. — In  addition  to  the  stearoptens  or  camphors  already 
mentioned  as  being  contained  in  or  formed  from  volatile  oils,  thei'e  is 
one  that  is  a  common  article  of  trade.  It  is  olitained  from  the  wood 
of  C'innamomnm  ramphora,  or  (!am))hor-Laurel,  in  Japan  (t(!rmed  in 
Europe  "  Dutch  Camphor,"'  l)(!cause  imported  by  the  Dutch)  and  in 
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China  (known  as  "Formosa  Camphor")  hy  a  rough  process  of  dis- 
tillation with  water,  and  is  purified  by  resuldiniation  (Camphora, 
U.  S.  P.).  The  formula  of  laurcl-caniphor  is  Cj^HjbO.  ;  sp.  gr. 
0.990  to  0.995;  melting-point  175°  C. ;  boiling-point  20.5°  C.  Bro- 
mine heated  with  camphor  gives  monohrom  (:<unphor  (C,gII,5BrO) 
and  hydrobromic  acid.  Monobromated  camphor  (Cainp/iora  Muno- 
hrumata,  U.  S.  P.)  is  camphor  in  each  molecule  of  which  an  atom 
of  hydrogen  has  been  displaced  by  one  of  bromine.  Recrystallized, 
it  occurs  in  white  prisms.  It  melts  at  65°  C.  and  boils  at  274°  C. 
The  essential  oil  from  which  doubtless  camphor  is  derived  by  oxida- 
tion is  easily  obtained  from  the  wood,  and  is  occasionally  met  Avith 
in  commerce  under  the  name  of  liquid  campJior  or  camphor  oil;  its 
formula  is  CjgllgjO  ;  by  exposure  to  air  it  becomes  oxidized  and  de- 
posits common  camphor,  2C,^qII320  +  =  4CigTIjgO.  Camphor  dis- 
tilled with  phosphoric  anhydride  yields  cymol,  Cionj4.  There  is 
another  kind  of  camphor  in  European  markets  less  common  than 
laurel-camphor,  but  highly  esteemed  by  the  Chinese ;  it  is  obtained 
from  the  l)ri/obalano]}s  aromatica,  and  denominated  Sumatra  or 
Borneo  camphor.  It  differs  slightly  from  laurel-camphor  in  con- 
taining more  hydrogen,  its  formula  being  CioIIjgO.  It  is  accom- 
panied in  the  tree  by  a  volatile  oil  (CmHjg)  isomeric  with  oil  of  tur- 
2)entine.  This  oil,  borneiine,  is  also  occasionally  met  with  in  trade 
under  the  name  of  liquid  camphor  or  camphor  oil,  but  differs  from 
laurel-camphor  oil  in  not  depositing  crystals  on  exposure  to  air. 

Camphor  is  soluble  to  a  slight  extent  in  water  (40  grains  per  gallon, 
Poolcj^.  The  official  Camphor-water  {Aqua  Camphora:,  U.  S.  P.)  is 
such  a  solution. 

Common  camphor,  and  many  other  of  the  camphors,  oily  hydro- 
carbons, and  oxidized  hydrocarbons,  yield  camphoric  acid  (Cj^HjgOj) 
and  camphoretic  acid  {C^gli^.fi.,)  when  attacked  by  oxidizing  agents. 
Such  reactions  indicate  natural  relationships.  Camphoric  acid  is  a 
good  antiseptic. 

Cantharidin  (CrJI^O,),  the  active  blistering-principle  of  cantharidos 
(Cantharis,  U.  S.  P.)  and  other  vesiccating  insects  (such  as  Mi/latris 
cichorii,  or  Telini  Fly,  P.  I.,  common  in  India),  has  most  of  the 
properties  of  a  camphor  or  stearopten.  It  slowly  crystallizes,  from 
an  alcoholic  tincture  of  the  beetles,  in  fusible,  volatile,  micaceous 
plates.  The  following  process  for  the  extraction  of  cantharidin  is 
by  Fumouze :  Powdered  cantharides  ai-e  macerated  with  chloroform 
for  twenty-four  hours,  and  this  treatment  is  repeated  twice  with  fresh 
quantities  of  solvent,  the  residue  having  been  well  squeezed  each 
time.  The  collected  solutions  are  then  distilled,  and  the  dark-green 
residue  treated  with  bisulphide  of  carbon,  which  dissolves  fatty, 
resinous,  and  other  matters  and  precipitates  the  cantharidin.  The 
precipitate  is  thrown  on  a  filter,  washed  with  bisulphide  of  carbon, 
and  recrystallized  from  chloroform.  The  same  process,  omitting  the 
final  recrystallization,  may  be  used  for  the  qimntitative  estimation 
of  cantharidin  in  cantharideS.  The  average  quantity  found  is  from 
4  to  5,  but  occasionally  from  10  to  12,  parts  in  100(").  Cantharidin 
is  readily  soluble  in  warm  glacial  acetic  acid  (Tichborne),  and  still 
more  readily  in  acetic  ether.    Cantharides  from  which  the  fat  has 
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been  removed  bj'  petroleum  ether  yields  the  cantharidin  with  great 
(\u-ility. 

Massing  antl  Di-agondorll" consider  cantharidin  to  be  an  anhydride 
(OjlIgOj),  and  tiiat  with  the  oleiiicnts  of  water  it  forms  caiiiliaridic 
acid  (lijCjlIgOj).  A  cantharidate  of  potassium  has  the  composition 
KllCjliijOj.  Piccard  gives  the  vapor-dcusity  of  cantharidin  as  about 
ti.5,  and  its  formula  C^qHijO^. 


QUESTIONS  AND  EXERCISES. 

841.  How  do  volatile  oils  usually  differ  chemically  from  fixed  oils? 

842.  What  are  the  general  chemical  characters  of  volatile  oils  ? 

843.  Describe  the  usual  process  by  which  volatile  oils  are  obtained. 

844.  Mention  the  diffei'ences  in  composition  between  the  volatile 
oils  of  Anthemis  nobilis  and  Muirimria  chum oni ilia. 

845.  Give  the  systematic  name  of  oil  of  horseradish. 

646.  State  the  general  composition  of  the  oil  of  lemon,  lime,  bcr- 
gamot,  citron,  and  cedra. 

847.  Name  the  constituents  of  oil  of  cloves. 

848.  In  what  respect  does  oil  (or  otto)  of  roses  differ  from  other 
volatile  oils? 

849.  To  what  class  of  substances  do  the  constituents  of  oil  of  rue 
belong  ? 

850.  How  does  natural  turpentine  differ  from  the  turpentine  of 
trade  ? 

851.  With  what  object  is  commercial  turpentine  rectified? 

852.  How  is  camphor  oil  related  to  camphor? 

853.  In  what  respects  do  Borneo  or  Sumatra  camphor  and  cam- 
phor oil  differ  from  the  corresponding  products  of  Japan  and  China? 

8.54.  What  is  the  nature  of  cantharidin  ? 


RESINOID  SUBSTANCES. 

Resins,  Oleo-Resins,  Gum-Resins,  Balsams. 

Resins  occur  in  plants  generally  in  association  with  volatile  oils. 
They  closely  resemble  camphors  or  stearoptens,  but  are  not  volatile, 
and  differ  from  oils  and  fats  mainly  in  being  solid  and  brittle.  Olco- 
re.sins  are  mixtures  of  a  resin  and  a  volatile  oil.  Gvvi-resi?is  are 
mixtures  of  a  resin  or  oleo-resins  and  gum.  Balsams  are  commonly 
described  as  resins  or  oleo-resins  which  yield  benzoic  or  cinnamic 
acid,  but  oleo-resins  containing  neither  of  these  acids  are  often 
termed  balsams ;  e.  f/.,  balsam  of  coj)aiva  and  Canada  balsam.  A 
j)liy.sico-chemical  method  for  the  identification  of  the  chief  resins, 
gum-resins,  and  l)alsams  will  be  found  in  the  PharmuceuHcal  .lovr- 
nol  for  Nov.  17,  1877.  Resins  ap[)ear  to  be  somewhat  antiseptic. 
B(!er  is  said  never  to  turn  sour  in  casks  lined  with  Burgundy  pitcii. 
The  resin  of  hops  has,  perhaps,  a  similar  effect  in  retarding  oxida- 
tion of  alcohol. 
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Resins. — 1.  Eesin,  rosin,  or  colnphnni/  (Resina,  U.  S.  P.)  is  the 
typo  of  this  class.  Its  source  is  the  ok^o-resin  or  true  turpentine  of 
the  conifers,  a  body  which  by  distillation  yields  spirit  of  turpentine 
and  a  residuum  of  rosin.  "Brown"  and  "White"  rosin  are  met 
with  in  trade.  The  former  is  the  residue  of  American,  the  latter  of 
Bordeaux,  turpentine  (from  Pinn.s  aides,  etc.  and  Finns  maritima, 
respectively).  The  chief  constituents  of  brown  resin  axe  pinic  acid 
(lIUjDn.jgO.J  and  sijloic  acid,  identical  in  composition,  V)ut  differing 
in  pi'operties  {aide  Isomerism),  the  former  being  soluble  and  the 
latter  insoluble  in  cold  spirit  of  wine.  White  resin  or  "  galipot"  is 
chiefly  2nmaric  acid,  also  isomeric  with  pinic  acid.  Pinic  acid 
heated  yields  colophonic  or  colopholic  acid.  Among  the  products  of 
the  destructive  distillation  of  resin  Tichborne  has  found  "  colopho- 
nic hi/drate  "  {C  1^,11.^ a  white  inodorous  crystalline  substance, 
and  by  depriving  this  of  water  has  obtained  white  crystalline  colo- 
j)konine  {G^^ll.^fi.^).  Resin  is  soluble  in  oil  of  turpentine.  Contact 
with  sulphuric  acid  immediately  colors  it  strongly  red.  2.  Arnicia 
(CjgHjjO^),  the  chief  acrid  if  not  the  only  active  principle  of  Arnica 
{Arnicce  Radix,  B.  P. ;  Arnicce  Floras,  U.  S.  P.),  is  a  resin.  3.  Can- 
nahin,  said  to  be  the  active  principle  of  Indian  Hemp  or  Indian  Can- 
nabis {Cannabis  Indica,  U.  S.  P.,  the  flowering  tops  of  the  female 
plant  of  Cannabis  saliva)  and  American  Cannabis  {Cannabis  Amer- 
icana, U.  S.  P.,  the  Cannabis  saliva  plant  grown  in  the  United 
States),  was  obtained  in  1846  by  T.  and  H.  Smith,  and  is  a  resin. 
Porsonne  in  1857  isolated  a  volatile  oil  said  to  possess  much  medici- 
nal activity,  consisting  of  cannabene  (Cjgll^i,)  and  a  solid  crystalline 
hi/dride  of  cannabene"  (0,31122).  4.  Cajjsicit;«;/)va<  contains  resin 
(p.  479).  5.  Caslorin,  a  resinous  matter,  is  the  name  given  to  the 
chief  constituent  of  Castor  {Casloreum,  B.  P.),  the  dried  preputial 
follicles  and  included  secretion  of  the  beaver  {Castor  Jiber).  6.  Co- 
pal.  The  best  copal  is  the  exuded  resin  of  trees  of  extinct  forests, 
and  is  found  beneath  the  surface  of  the  ground  in  the  neighborhood 
of  existing  trees.  It  appears  to  be  a  mixture  of  acids,  but  its  cha- 
racter is  still  obscure.  7.  Dragon^ s  Blood,  a  crimson-red  resin  found 
as  an  exudation  on  the  mature  fruits  of  a  Rotang  or  Rattan  Palm 
(  Calamus  draco).  It  is  said  to  be  a  definite  substance,  and  to  have 
the  formula  CjoHjoO.i-  8.  Ergotin  is  a  vei-y  active  resinoid  constit- 
uent of  Ergot  {fJrgota,  U.  S.  P.),  or  the  "  sclerotium  (compact  my- 
celium or  spawn)  of  Clariceps  purpurea,  produced  within  the  paleae 
of  the  common  rye,  Secale  ce7-eale."  Maize  or  Indian  Corn,  Zea 
mags,  appears  to  foster  a  similar  parasite,  the  Ustilago  magdis,  or 
Corn  Smut  {Ustilago,  U.  S.  P.).  According  to  Wenzell,  ex-got  eon- 
tains  two  alkaloids,  ecboline  and  ergotine,  to  the  former  of  which,  he 
says,  the  activity  of  ergot  is  duo.  Blumberg  considers  these  alka- 
loids to  be  identical.  Tanret  states  that  an  unstable  alkaloid  termed 
ergotinine  occurs  in  ergot,  and  to  the  extent  of  1  per  1000,  and  that  it 
is  accompanied  by  a  camphor.  Dragendorff  and  Podwissotzky  assert 
that  ergot  owes  most  of  its  activity  to  .iclcrotic  or  sclerotinic  arid, 
l^resent  to  the  extent  of  about  4  per  cent.  No  separated  principle 
r(!presenting  the  full  activity  of  ergot  has  yet  been  extracted  from 
that  drug.    The  same  may  be  said  of  a  similar  therapeutical  agent. 
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the  root-bark  of  Gossypium  herbaceiim  (Gos.ij/pii  Radicis  Cortex, 
U.  S.  P.),  the  activity  of  which  appears  to  reside  iu  a  red  resin. 

9.  Guaiacum  resin  is  a  mixture  of  several  sul)stances  (p. 

10.  Jalap  resin  (p.  A'l'l).  11.  Kousso,  or  Kooso  {Braijera,  U.  S.  P.), 
yields  yellow  ci-ystals  of  a  rcsinoid  body  readily  soluble  in  alkaline 
liquids,  knsin  or  koassin  (CailljgOjQ).  12.  Mastic  (Mastiche,  U.  S.  P.) 
is  a  resinous  exudation  obtained  by  incision  from  the  stem  of  the 
Mastic  or  Lentisk  tree.    Nine-tenths  of  mastic  is  masticfiic  acid 

C.^qIIjiO.^),  a  resin  solultle  in  nlcoliol ;  the  remaining?  tenth,  masticln 
C.^dII.i,0),  a  tenacious  elastic  resin.  13.  Mezerean  {Mezereiun,  U.  S. 
P.),  the  dried  bark  of  Daphne  mezereum,  Mezereon,  and  Dajyhiie 
laureola,  Spurge  Laurel,  owes  its  acridity  to  a  resin.  14.  Pep2>er 
contains  a  resin  (p.  397).  15.  Burgundy  Pitch  {Pix  Burgundica, 
U.  S.  P.)  is  the  melted  and  strained  exudation  from  the  stem  of  the 
Spruce  Fir,  Abies  excelsa.  The  term  Burgundy  is  a  misnomer,  the 
resin  never  having  been  collected  at  or  near  Burgundy ;  Finland, 
and  to  a  smaller  extent  Baden,  and  Austria  being  the  countries 
whence  it  is  derived.  Its  constituents  closely  resemble  those  of 
couiinon  resin.  It  is  often  adulterated  and  imitated  by  a  mixture 
of  resin  with  palm  oil,  water,  etc.,  from  which  it  may  be  readily 
distinguished  by  its  duller  yellow  color,  highly  aromatic  odor, 
greater  solubility  in  alcohol,  and  almost  complete  soluliility  in 
twice  its  weight  of  glacial  acetic  acid  (Ilanbury).  16.  Pudop/ii/l- 
liun  resin.  In  preparing  the  resin  of  podophyllum,  or  May-apple 
(Resina  Podophylii,  U.  S.  P.),  an  alcoholic  extract  of  the  rhizome 
and  rootlets  of  Podophyllum  peltatum  (Podophyllum,  U.  S.  P.)  is 
poured  into  cold  water  acidulated  by  hydrochloric  acid.  This  resin 
is  the  chief  active  principle  of  podophyllum-root.  According  to 
(iuareschi,  podophyllin  contains  a  glucoside  resembling  convolvulin. 
Podwissotzky  has  extracted  from  podophyllin  a  little  coloring-mat- 
ter, fat,  a  bitter  crystalline  acid,  a  bitter  crystalline  neutral  prin- 
ciple, and  an  amorphous  acid  resin.  17.  Pyretlirin  is  the  name  of 
the  acrid  resinous  active  principle  of  the  root  of  Anacyclus  pyrc- 
thrum,  or  Pellitory-ront  {Pyrethrum,  U.  S.  P.).  Accoi'ding  to  Buck- 
heim,  the  action  of  alkalies  breaks  it  up  into  piporidine  and  pyrc- 
thric  acid.  (The  crystalline  poisonous  principle  obtained  by  Bellesmo 
from  Pyrethrum  carneum,  the  powder  of  which  (and  of  P.  roseum, 
and  especially  P.  cinei-ariai  folium,  or  Dalmatian  Iiisect-Potvder)  is 
the  w(!ll-known  "insecticide,"  has  not  yet  been  analyzed.)  18.  The 
Hisins  of  Rhuliarb  have  already  been  alluded  to  in  connection  with 
Crysophanic  Acid  (p.  335).  19.  Rottlcrin  is  the  name  given  by 
Anderson  to  a  crystalline  resin  from  Kamala  {Kamala,  U.  S.  P.), 
the  minute  glands  that  cover  the  capsules  of  Rottlcra  tincloria:  to 
this  iind,  apparently,  allied  resins,  Kamala  owes  its  activity  as  an 
anthelniintic. 

Oi.eo-Resins. — 1.  Capsicin,  a  term  suggestive  of  a  definite  chem- 
ical substance,  is  a  name  somewhat  uidia]tpily  accorded  to  an  indef- 
inite substance,  an  oleo-resin,  obtained  by  digesting  the  alcoholic 
extract  of  Capsicum-fruit  {Capsicum,  U.  >S.  J'.)  in  ether  and  evap- 
orating the  clear  ethereal  fluid  to  dryness.    Besides  volatile  oil  and 
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resin,  capsicum-fruits  contain  much  fatty  matter,  which  Thresh 
states  is  ciiiofly  free  palmitic  acid.  (See  also  Cap.sicine  and  C'ajy- 
saicin,  p.  394.)  2.  Copaiva  {Cojtaiha,  U.  S.  P.),  sp.  gr.  0.940  to 
0.993,  is  a  mixture  of  essential  oil  (OijII^,,),  with  2  or  more  per  cent, 
of  brown  soft  resin,  and  30  to  60  of  a  yellow  dark  crystalline  resin 
termed  Copaivic  acid  (0._,qH3q02).  Copaiva,  containing  about  equal 
parts  of  this  acid  and  of  the  oil,  heated  with  a  fourth  of  its  weight 
of  the  oiScial  carbonate  of  magnesium,  yields  a  transparent  fluid, 
owing  to  the  formation  of  copaivate  of  magnesium  and  solution  of 
this  soap  in  the  essential  oil.  With  an  equal  weight  of  the  carbo- 
nate enough  soap  is  produced  to  take  up  the  whole  of  the  essential 
oil  and  form  a  mass  capable  of  being  rolled  into  pills.  A  much 
smaller  quantity  of  calcined  magnesia,  as  might  be  expected,  effects 
the  same  result ;  but  more  time,  often  several  days,  is  required 
before  complete  reaction  is  effected.  The  Massa  C'opaibce,  U.  S.  P., 
is  formed  from  6  parts  of  magnesia  and  94  of  copaiba.  Quicklime 
has  a  similar  effect.  Perhaps  carbonate  reacts  more  quickly  because 
of  its  fine  state  of  division  and  admixture  of  hydrate ;  in  which  case 
hydrates  of  calcium  and  magnesium  may  be  expected  to  act  better 
than  the  calcined  preparations,  and  in  much  smaller  quantity  than 
carbonate  of  magnesium.  Copaiva,  unlike,  3,  Wood  Oil  or  Gurjun 
Balsam  {Dipfcrocarjri  Balsamtm),  P.  I.),  a  similar  oleo-resin  from 
the  Dipierocaiyus  turbinatus  (D.  Lcevis,  P.  I.),  does  not  become 
gelatinous  when  heated  to  270°  F.  Copaiva  is  often  slightly  fluo- 
rescent ;  Gurjun  balsam  is  highly  fluorescent.  The  stated  analogy 
of  Gurjun  balsam  to  copaiva  is  Ijorne  out  by  its  chemical  composi- 
tion, for  by  distillation  it  yields  about  40  per  cent,  of  an  essential 
oil  identical  in  composition  with  oil  of  copaiva,  the  non-volatile  por- 
tion being  resinous.  The  adulteration  of  copaiva  with  fixed  oil  is 
best  detected  by  heating  20  or  30  drops  in  a  capsule  until  all  essen- 
tial oil  has  evaporated.  Turpentine  is  betrayed  hj  its  odor  during 
this  evaporation.  The  residue,  copaiva  resin,  is  brittle  if  pure,  and 
more  or  less  sticky  or  soft  if  fixed  oil  is  present.  The  limit  of  brit- 
tleness  is  stated,  by  Siebold,  to  be  reached  when  1  per  cent,  of  oil 
has  been  added  to  the  copaiva,  that  amount  preventing  the  residue 
being  reduced  to  a  fine  powder.  "  The  essential  oil  distilled  off 
from  the  olco-resin,  when  rectified,  should  not  begin  to  boil  below 
200°  C.  (392°  F.).  On  adding  1  drop  of  copaiba  to  19  drops  of 
disulphide  of  carbon  and  shaking  the  mixture  with  1  drop  of  a  cold 
mixture  of  equal  parts  of  sulphuric  and  nitric  acids,  it  should  not 
acquire  a  purplish-red  or  violet  color  (absence  of  gurjun  balsam)." 
— U.  S.  P.  Kesina  Cojmilia%  U.  S.  P.,  is  the  residue  left  after  dis- 
tilling off  the  volatile  oil  from  copaiba.  4.  Elemi  {Elewi,  B.  P.)  is 
an  exudation  from  a  tree  growing  in  the  Philippine  Islands.  It 
consists  of  volatile  oil  (CiQiT„;)vwith  80  or  more  per  cent,  of  two 
resins,  the  one  (C2oHi202)  soluble  in  cold  alcohol,  the  other,  ami/rin, 
(C5Hj,)5HjO,  almost  insoluble,  associated  with  aiiii/ric  arid,  {C^l\^)-;Ot 
(Buri).  It  also  contains  small  quantities  of  two  crystalline  liodies 
soluble  in  water,  hn/oidiii,  (C5llg)^31l20,  and  hrcidin  (Fliickiger). 
The  icaa'n  of  Stenhouse  and  Groves  is  cither  identical  with  amyrin 
or  perhaps  has  the  formula  (CsHg)^!!,^.    All  these  bodies  are  prob- 
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ably  hydrous  terpenes.  f).  Wood-Tar  (Fix  Liqiiida,  U.  S.  P.)  is  a 
mixtuiT  of  several  resinoid  and  oily  liodies  (amongst  others  Creasote, 
p.  44',))  obtained  by  destructive  distillation  from  the  wood  of  Firms 
si/Irestris  and  other  pines.  When  heated  it  yields  an  almost  color- 
less terel)inthinate  oil  (Oleum  Ficis  Liquidce,  U.  S.  P.),  Oil  of  Tar, 
sp.  pr.  0.970,  which  soon  becomes  brown,  and  a  residue  of  pitch. 
6.  Turpentines. — These  oleo-resins  have  been  mentioned  in  connec- 
tion with  oil  of  turpentine,  their  volatile,  and  resin,  their  fixed,  con- 
stituent. 7.  Common  Frankincense  (Thus  Aniericanum,  B.  P.)  is 
the  concrete  turpentine  of  Finns  tceda.  8.  Canada  Balsam  (Terc- 
binthiaa  Canadensis,  B.  P.),  largely  gathered  in  the  province  of 
Quebec,  is  the  turpentine  or  oleo-resin  of  Balm  of  Gilead  Fir 
(Al)ies  balsamea).  9.  Sumhul-root,  from  Ferula  sumhul  (Sambul, 
U.  S.  P.),  seems  to  owe  its  stimulating  property  to  two  oleo-resins, 
one  soluble  in  ether,  the  other  in  alcohol.  10.  Oleo-resin  of  Lu- 
pidin  (U.  S.  P.)  is  an  ethereal  extract  of  the  yellow  powder  (Lu- 
pidiniun,  U.  S.  P.)  attached  to  the  small  nuts  at  the  base  of  the  scales 
which  form  the  aggregate  fruit  of  the  Himulvs  lupulus,  or  Hop 
(Hitmnlus,  U.  S.  P.).  It  contains  essential  oil  of  hop  (Valerot, 
CglljoO)  and  oxidized  oil  or  resin,  bitter  extract  containing  the  hop- 
bitter,  lupulinic  aoid  (C3.,Il5o07),  and  tannic  acid.  Oleoresince  As- 
pidii,  Capsici,  Cubebce,  Fiperis,  and  Zincjiberis  are  ofHcial  in  the 
United  States  Pharmacopoeia.  11.  Fix  Canadensis,  U.  S.  P.,  Can- 
ada Fitch  or  Hemlock  Fitch,  is  the  concrete  juice     Abies  canadensis. 

Gum-Resixs. — 1.  Ammoniacum  (Ammoniacum,  U.  S.  P.)  is  an  ex- 
udation from  the  Dorema  ammoniacum.  It  contains  nearly  20  per 
cent,  of  gum,  a  little  volatile  oil,  and  about  70  of  resin  (C^gllgpOg — 
Johnston^  2.  Asafcetida  (Asafoetida,  U.  S.  P.)  is  a  gum-resin  ob- 
tained, liy  inci.sion,  from  the  living  root  of  Ferula  narthex  and  F. 
srorodosma.  It  contains  from  50  to  70  per  cent,  of  a  resin  which 
is  partly  feralaic  acid  (CmllmOJ,  25  to  30  per  cent,  of  gum  (about 
two-thirds  arabin,  one-third  bassorin,  p.  113),  and  3  to  5  per  cent, 
of  volatile  oil.  At  least  GO  per  cent,  of  it  should  be  soluble  in 
alcohol.  3.  Eiiphorbium,  an  old  drug  which  is  an  emetic  and  pur- 
gative resin.  It  contains  an  amorphous  active  resin  (CoQlIg.^OJ, 
crystalline  enphorbon  (Cj^HnO.^),  and  nuicilage  (Fluckiger).  4.  The 
ordinary  or  Siam  Gamboge  (Cumbor/ia,  U.  S.  P.)  of  European  trade 
is  obtained  from  the  Garcinia  Hanburii ;  the  gamboge  of  India 
(CamJior/ia  Indira  vel  Mi/.soriensis,  P.  I.)  from  G.  pictoria.  When 
of  best  quality  it  contains  about  20  per  cent,  of  a  gum  and  80  to  75 
per  cent,  of  a  resin  termed  f/am,bogic  acid  (C.joHj^O,,).  5.  Galbanum 
(Galbanum,  U.  S.  P.)  contains  from  20  to  25  per  cent,  of  gum,  about 
fio  per  cent,  of  resin  (C^glljjiO,),  and  3  or  4  per  cent,  of  volatile  oil. 
Moistened  with  alcohol,  and  then  with  hydrochloric  acid,  galbanum 
yields  a  purple  color,  due,  probably,  to  the  production  and  oxidation 
of  resorcin.  (falbanum,  heated  for  some  time  to  212°  P.  with  hydro- 
chloric acid,  the  li((uid  separated  and  shaken  with  ether  or  chloroform, 
and  the  latter  cvaporat(!d,  yields  sonicwhat  less  than  1  per  cent,  of 
colorless  acicular  crystals  of  nmbeliij'erone  (CjlIjOj).*    6.  Mi/rrh 


*  "  Umbellifcronc  is  solidde  in  water ;  its  solution  exhibits,  espe- 
41 
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{Mi/rrha,  U.  S.  P.),  an  exudation  from  the  stem  of  Bnlnamndcndrnn 
vuirrha,  contains  about  half  its  wcijLiht  of  solul)le  fium  (ara))inoi(l), 
10  per  cent,  of  insoluble  gum  (probably  bassorin),  'Ih  of  volatile  oil, 
and  about  25  per  cent,  of  resin  (myrrhic  acid).  (For  a  note  by 
K.  II.  Parker  on  the  spurious  gums  imported  with  myrrh,  see  the 
Pharmaceutical  Journal  for  July  17,  1880.)  7.  Olihanum  (P.  1.), 
'fhns  musculum,  or  Arabian  Frankincense  (from  various  species 
of  Boswelliu),  is  about  one-third  gum  and  nearly  two-thirds  resin 
(CjoIIgoOJ,  with  a  little  hydrocarbon  (Cigllig)  and  o.xidized  hj'dro- 
earbon  volatile  oils.  It  has  always  been  an  important  ingredient 
of  incentse — myrrh,  storas,  benzoin,  and  such  fi-agrant  combustible 
resinous  substances  being  other  constituents.   8.  Scummoiiij  (p.  424). 

Gum-resins  need  only  be  finely  powdered  and  rubbed  in  a  mortar 
with  Avater  to  yield  a  medical  emulsion,  in  which  the  fine  particles 
of  resin  are  held  in  suspension  by  the  aqueou.s  solution  of  gum. 

Balsams. — 1.  Benzoin  {Benzoinum,  U.  vS.  P.)  is  obtained  from  in- 
cisions of  the  bark  of  Stijrax  benzoin.  It  contains  12  to  15  per  cent, 
of  benzoic  acid  (p.  332),  about  50  per  cent,  of  a  resin  (a)  soluble 
in  ether,  25  to  30  per  cent,  of  a  resin  (/3)  soluble  in  alcohol  only, 
and  3  to  4  per  cent,  of  a  resin  (})  soluble  in  solution  of  carbonate 
cf  sodium.  The  a  resin  is  considered  to  be  a  compound  of  the  ,3 
(CjoIT^bOj)  and  the  y  (f'soHwOs)-  The  balsams  of  Peru,  Tolu,  and 
Storax  differ  from  benzoin  in  containing  cinnamic  (p.  472)  in  place 
of  benzoic  acid ;  hence  they  yield,  by  oxidation,  hydride  of  benzoyl 
(oil  of  bitter  almonds).  2.  Balsam  of  Peru  {Balsamum  Perui-ianum, 
U.  S.  P.),  from  the  Bli/roxylon  pereirce,  is  a  mixture  of  oily  matter 
with  about  one-quarter  or  one-third  of  resinous  matter  and  6  per 
cent,  of  cinnamic  acid.  The  oil,  by  fractional  distillation  in  an  atmo- 
sphere of  carbonic  acid  gas  and  under  diminished  pressure,  fur- 
nishes henz)jUc  alcohol  (C.II-IIO),  benzoaie  of  benzi/l  (C-H-C^HjO.,), 
and  cinnamate  of  benzijl  (C'jII^CjjIIyOj)  or  cinnamein  (Kraut).  By 
action  of  alcoholic  solution  of  potash  it  yields  benzoate  and  cin- 
namate of  potassium  and  benzylic  alcohol ;  also  cinnamic  alcohol 
(CgllgHO),  otherwise  known  as  peruvine  or  styrone;  it  also  often 
holds  in  solution  metacinnamdin  or  sti/racin  (C,gH]pp2),  isomeric 
with  hydride  of  cinnamyl  (CgH^OH).    The  resin  of  balsam  of  Peru 

cially  on  addition  of  an  alkali,  a  brilliant  blue  fluorescence  which  is 
destroyed  by  an  acid.  If  a  small  fragment  of  galbannm  is  immersed 
in  water,  no  fluorescence  is  observed,  but  it  is  innnediately  produced 
by  a  drop  of  ammonia.  The  same  phenomenon  takes  place  with  asa- 
foctida,  and  to  a  slight  degree  with  ammoniacum ;  it  is  probably  due 
to  traces  of  umbelliferone  pre-existing  in  those  drugs.  Und)elliferone 
is  also  produced  from  many  other  aromatic  undielliferous  plants,  as 
Angelica,  Lcristic.um,  and  Meiun,  when  their  respective  resins  are  sub- 
mitted to  dry  distillation;  also  from  the  resin  of  Dnphiie  mezereiim. 
The  fluorescence  of  umbelliferone  maybe  beautifully  shown  by  dipping 
some  bibulous  paper  into  water  which  has  stood  for  an  hour  or  two 
on  lumps  of  galbanum,  and  drying  it.  A  strip  of  tliis  paper  placed 
in  a  test-tube  of  water  with  a  drop  of  annnonia  will  give  a  superb 
blue  solution,  instantly  Idsins];  its  color  on  the  addition  of  a  drop  of 
hydrochloric  acid."    (Fliickiger  and  Ilanbury.) 
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seems  to  result  fi  niii  tlio  action  of  moisture  on  the  oil.  When  mixed 
with  3  parts  of  bisulphide  of  ciirhon,  about  40  per  cent,  of  resin 
separates,  and  the  liquid  portion  should  be  transparent,  of  a  light- 
brown  color  and  exhibit  only  a  faint  fluorescence  (ahs.  of  Gurjun  balr 
sam). — U.  S.  P.  The  constituents  of  Vanilla,  U.  S.  P.,  the  prepared 
unripe  pods  of  a  plant,  somewhat  resemble  those  of  balsam  of  Peru. 
The  crystals  often  found  on  vanilla  are  a  weak  acid  suljstance  hav- 
intr  the  formula  C„;II,uOg  (Carles).  3.  Bahain  of  Tain  {Bahamum 
Toliifdiiiuii,  U.  S.  P.)  is  an  exudation  from  incisions  in  the  bark  of 
M;/ruxi/loH  tolui/era ;  in  composition  it  closely  resembles  balsam  of 
Peru,  but  is  more  susceptible  of  resinification.  It  contains  benzoate 
and  oinnamate  of  benzyl,  ciniuimic  acid,  a  little  benzoic  acid  (Busse), 
and  aliout  1  per  cent,  of  a  volatile  hydrocarbon,  ioleii,  C,qHj5.  Old 
hard  balsam  of  tolu  is  a  convenient  soui'ce  of  cinnamic  acid,  which  is 
extracted  by  the  same  process  as  that  by  which  benzoic  acid  may  be 
obtained  fioin  benzoin — namely,  ebullition  Avith  alkali,  filtration,  and 
precipitation  Ijy  hydrochloric  acid.  4.  Slorax  {Sti/rax,  U.  S.  P.)  is 
an  oleo-resin  obtained  from  the  Liquiilamhar  orientale.  It  contains 
a  volatile  oil  termed  styrol  cinnametie  or  cinnamol  (CglTg) — which 
possibly  (Bertlielot)  is  condensed  acetylene,  402112 — cinnamic  acid, 
styracin  or  cinnamate  of  cinnamyl  (OgllgOgllYO,),  and  a  soft  and  a 
hard  resin.  Styrol  differs  from  similar  hydrocarbons  in  being  con- 
verted into  a  polymeric  solid  termed  vietasfi/rol  or  draconi/l  on  heat- 
ing to  about  4(.)0°  F.  For  medicinal  use,  storax  (Shprix  Pra'jMrahis, 
B.  P.)  is  sometimes  purified  by  solution  in  alcohol,  filtration,  and 
removal  of  the  alcoliol  by  distillation. 

Caoutchouc  or  India-^nihher  and  Gutta-percha. 

Oaoutchouc  is  the  hardened  juice  of  Hevea  {SijjJionia)  hrazili- 
cnsis,  Casiilloa  ehitilica,  Urceola  elastica,  Ficits  elastica,  and  other 
plants  (Oollins).  Heated  moderately  with  sulphur,  it  takes  up  2  or 
3  per  cent.,  and  form.s  vulcnnized  India-rubber ;  at  a  higher  tem- 
perature a  hard,  horny  product,  termed  elionite  or  mdcanite,  results. 
Gulla-percJia  (U.  S.  P.)  is  the  concrete  drop  or  juice  of  the  percha 
(Malay)  tree,  the  Isonandra  guffa,  and  of  other  sapotaceous  plants. 
It  is  soluble  in  chloroform  {Liquor  Gulla-]ierc/ia,  U.  S.  P.),  benzol, 
and  essential  oils.  White  gutta-percha  is  obtained  by  precipitating 
a  solution  of  the  ordinary  gutta-percha  in  chloroform  by  alcohol, 
washing  the  precipitate  with  alcohol,  and  finally  boiling  in  water 
and  moulding  into  the  desired  form  while  still  hot.  The  official 
solution  of  Gutta-jiercha  (Liquor  Gidla-perrJia,  B.  P.)  is  made  by 
digesting  l/iin  slices  of  gutta-percha  in  12  parts  by  weight  of  chloro- 
form, and  then  "fining''  by  shaking  with  1  part  of  carbonate  of 
lead  and  setting  aside  till  the  fluid  is  clear. 

These  two  elastic  substanc^es,  in  the  pure  state,  are  hydrocarbons 
(xCjU^),  usually  slightly  oxidized. 


QUESTIONS  AND  EXEROISES. 
8.').').  How  do  resins  occur  in  nature?    Distinguish  between  resins 
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and  camphors.  Mention  the  [loints  of  diflerence  of  resins,  olco-resins, 
gum-resins,  and  Ijalsams. 

856.  Name  the  source  and  chief  constituents  of  common  Resin  or 
Rosin. 

857.  Enumerate  some  official  articles  of  which  the  active  constitu- 
ents are  resins. 

858.  Give  the  chief  distinguishing  characters  of  Burgundy  Pitch. 

859.  What  is  the  average  proportion  of  oil  and  of  resin  in  the  so- 
called  Balsam  of  Copaiva? 

860.  Explain  the  effect  of  carbonate  of  magnesium,  magnesia,  and 
lime  on  copaiva. 

861.  State  the  nature  of  Wood-tar. 

862.  Why  do  Ammoniacum,  Asafoetida,  Gamboge,  Galbanum, 
Myrrh,  and  similar  substances  give  an  emulsion  by  mere  trituration 
with  water? 

863.  In  what  respect  does  Benzoin  differ  from  the  Balsams  of 
Peru,  Tolu,  and  Storax? 

864.  What  is  the  chemical  nature  of  India-rubber  and  Gutta- 
percha ? 

865.  How  is  India-rubber  vulcanized  and  converted  into  ebonite 
or  vulcanite? 


COLORING-MATTERS. 

The  animal,  vegetable,  and  mineral  kingdoms  abound  in  sub- 
stances or  pigments  which  powerfully  decompose  light,  absorbing 
certain  of  its  constituent  colors  and  reflecting  some  others.  Thus, 
for  example,  most  leaves  contain  a  body  termed  chlorophjdl,  which 
has  the  property  of  absorbing  red  light  and  reflecting  green  ;  these 
reflected  rays,  entering  the  eye  of  an  observer  and  striking  on  the 
retina  (the  expanded  extremity  of  the  optic  nerve),  always  commu- 
nicate the  same  impression  to  the  brain ;  in  popular  language,  the 
leaf  is  said  to  be  green.  Art  has  richly  supplemented  the  number 
of  such  natural  coloring-matters. 

Yellow. — 1.  Chrome  yellow  occurs  in  more  than  a  dozen  shades 
(see  Lead,  Chromate  of).  2.  Fustic  or  yellow-wood  is  the  wood  of 
the  Rhus  cntlnus.  3.  Gambor/e  (see  Gamboge).  4.  Ochre  is  met 
with  of  many  tints,  under  the  names  of  yellow  ochre,  gold  yellou', 
gold  earth  or  ochre,  yellow  sienna,  Chinese  yellow.  It  is  chiefly  a 
mixture  of  oxyhydrates  of  iron  with  alumina  and  lime.  5.  Orpi- 
ment  is  a  sulphide  of  arseuicum  (As^S^,).  6.  Persian  berries  or 
Avignon  grains  contain  a  yellow  principle  termed  rhamnin  and 
other  crystalline  bodies.  They  are  the  product  of  the  Jihamnns 
infectorius.  7.  Purree  or  Indian  yellow  is  said  by  Stcnhouse  to 
owe  its  color  to  purrafe  or  cnxanthate  of  magnctium  (MgCijIIj^Oj,,). 
8.  Quercitron  is  the  Ijark  of  Qucrcus  tinctoria  or  Black  Oak.  It 
contains  the  yellow  glucoside,  quercilrin  (C,sTI,),0,o,Il20).  9.  Jihii- 
barb  (see  Chrysop/ianic  Acid,  p.  335).  10.  Sojf'ron  {Crocus,  U.  S. 
P.),  the  dried  stigma  and  part  of  the  style  of  Crocus  .saficus,  yields 
saffranin  or  polychroite,  an  orange-red  glucoside,  which  by  the 
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action  of  dilute  acids  and  by  other  means  breaks  up,  as  sliown  in 
the  following  equation,  yielding  red  croain  (Weiss) : — 

+    H,0   =    2(C,„H,A)    +     P,on,,,0     +  CVH,,0„ 

I'dlycliroite.  Water.  Crociii.  Vol.  oil  of  Ballioii.  Siigai-. 

1 1 .  Turmeric,  the  rhizome  of  Curcuma  longa,  owes  its  yellow  color 
to  curcumin,  a  resinous  matter,  the  formula  of  which  is  said  by 
Daube  to  be  0,^11, pO;,,  and  by  Iwanof  C,|;1I„;0^.  Jackson  and  Menke 
state  that  curcumin  is  an  acid,  and  that  its  formula  is  VL.,C^^\\^fi^. 
Possibly  two  yellow  pigments  are  pr(!sent.  12.  Wdcl  {Reseda  inte- 
ola)  contains  a  durable  yellow  matter  termed  luteidin  (C.^gllyfi^). 

13.  Picric  or  carbazoiic  acid  (p.  45U)  is  a  very  powerful  yellow  dye. 

14.  Dried  and  powdered  carrots  yield  to  bisulphide  of  carbon  a 
yellow  coloring-matter,  '' carrotin,"  which  is  obtained  on  evapor- 
ating the  solvent,    it  is  said  to  be  used  in  coloring  butter. 

Red. — 1.  Alkanet,  the  root  of  .l/ATOiMct  tinctoria,  Tausch,  Anchusa 
iinctoria,  Desf.,  yields  aiichu.iiii  {C^^ll^gOg),  a  resinoid  matter  solu- 
ble in  oils  and  fats.  2.  Annato,  Ariiatto,  or  Arnotto,  a  paste  pre- 
pared from  the  seeds  of  Bixa  orellana,  contains  bixiii,  an  orange- 
red,  and  orellin,  a  yellow^  principle.  3.  Brazil-iouod  {Ccesulpiiiia 
hrasiliensis)  furnishes  brezilin,  the  basis  of  several  lakes.  Sapaii- 
wood  and  Cam-wood  pro))ably  contain  the  same  substance.  4.  Cin- 
nahur,  Chinese  red.  Vermilion,  or  Paris  red  is  mercuric  sulphide. 
5.  Chrome  red  is  an  oxychromate  of  lead.  6.  Cochineal  (p.  334). 
7.  Madder,  the  root  of  Rnbia  tinctoni.m,  powdered  and  treated 
with  sulphuric  acid  and  acidulated  water  to  effect  the  removal  of 
earthy  and  other  inert  matters,  furnishes  a  residual  powder  termed 
(jaraiicin.  Garancin  yields  to  pure  Avatcr  alizarin  {Q^^Yl^fi^,'i\lfi), 
the  red,  neutral,  crystallizable  coloring-matter  of  madder.  Alizarin 
does  not  exist  ready  formed  in  the  plant,  Init  is  derived  by  fermen- 
tation from  rubian,  a  yellowish  resinoid  substance.  Alizarin  is  now 
produced  artificially  from  anthracene,  one  of  the  solid  constituents 
of  coal-tar.  8.  Mnlbern/-Juice  (Mori  Sacciis,  B.  P.)  contains  a  violet- 
red  coloring-matter  which  has  not  been  chemically  examined.  9. 
Bed  lead  (p.  208).  10.  Bed  oxide  of  iron,  of  shades  varying  from 
light  to  brown-red,  is  found  native.  The  common  names  of  it  are 
Armenian  bole,  Berlin  red,  colcothar,  English  red,  rod  ochre,  burnt 
ochre,  red  earth,  terra  di  sienna,  mineral  purple,  stone  red,  and 
Indian  red.  11.  Bed  Sanders-wood  ov  Bed  Sandal-wood  {Santalum 
riibrum  or  Bed  Saunders,  U.  8.  P.),  the  billets  and  chips  of  P/ero- 
carpus  santalinus,  owes  its  color  to  suatalin  (C,.,II,,^0.,),  a  crystalline 
resinoid  mattei'.  12.  Red  P«])ptj  I'elals  {Bha'<los  I'ehda,  B.  P.), 
from  the  Papaver  rha:as,  contain  a  rod  coloring-principle  which  has 
not  yet  bo(!n  isolated  in  a  state  of  f)urity.  The  author  has  sought 
for  morphine  in  large  ((uantities  of  the;  fXitals,  but  could  not  find  a 
trace  of  that  alkaloid.  13.  Red  Bose  I'etals  {Rosa  G(dlira,  U.  S.  P.), 
and  those  of  the  C(d)ljar/e  Rose  {Rosa  Cenlijolia,  U.  S.  P.),  also  yield 
a  red  substance,  which  has  not  becm  analyzed.  14.  Sajflower,  Dijer^s 
SaJ/Wm,  or  Bastard  Saffron,  the  florets  of  Carthamus  iinclori.us, 
contains  an  unimportant  yellow  dye  and  5  per  cent,  cartliamin 
((!,, 11,^0,),  an  uncrystallizabh!  red  dye,  the  pigment  of       old  ]iink 

41 


486 


COLOniNG-MATTERS. 


.saurcTS.  Carthamin  seems  to  possess  acid  cliaractcrs,  and  (like 
silicic  acid  and  other  suljstances)  to  be  soluble  in  water  for  a  certain 
time  after  liberation  from  its  alkaline  solution  ;  for  fabrics  are  dyed 
with  safHower  by  immersion  in  a  bath  made  of  an  infusion  in  dilute 
alkali  neutralized  by  citric  acid  immediately  Ijefore  use,  the  cartha- 
min probably  penetrating  the  cells  and  vessels  of  the  fibres  in  a 
soluble  form,  there  becoming  insoluble  and  imprisoned,  and  thus 
giving  permanent  color  to  the  wool,  silk,  or  other  material.  Mixed 
with  French  chalk,  carthamin  is  used  as  a  cosmetic  under  the  name 
oi  vegetable  roiKjc — airmine  being  animal  rouge  and  red  oxide  of  iron 
mineral  rouge.  15.  Lac-dye  is  a  cheap  form  of  cochineal,  and  is  also 
yielded  by  the  species  of  Coccus,  whose  resinous  excretion  consti- 
tutes lac  (stick-lac,  seed-lac,  or  shell-lac,  according  to  its  condition  as 
gathered  off  the  twigs  on  which  it  is  deposited,  or  as  roughly  sep- 
arated from  impurities  in  seed-like  powder  or  lumps,  or  as  melted 
and  squeezed  through  bags  into  shell-like  pieces).  16.  Logwood 
{Hcematoxi/lou,  U.  S.  P.)  contains  a  yellow  substance,  hcematoxt/lin 
(Cigllj^O^,!!^©  or  311^0),  which  under  the  influence  of  air  and  alkali 
assumes  an  intense  red  color.  Under  the  influence  of  ammonia  and 
air  it  yields  greenish-violet  iridescent  scales  of  hcematin  (CjBlT,20g,- 
311,^0).  17.  Red  enamel  colors,  for  glass-staining  and  ceramic  oper- 
ations, are  produced  either  by  cuprous  silicate  or  purple  of  Cassius 
(p.  243). 

Blue. — 1.  Cohalt  oxide,  precipitated  in  combination  or  admixture 
with  alumina  or  phosphate  of  calcium,  forms  T/i^iiard's  blue,  cobalt 
blue,  Hojfnei'\'i  blue,  and  cobaltic  tdiramarine.  2.  Smalt,  Saxoni/ 
blue  or  King''s  blue,  is  rough  cobalt  glass  in  fine  powder  (p.  230). 
3.  Copper  blue,  mountain  blue,  and  English  or  Hambro'  blue  are 
carbonates  or  oxycarbonates  of  copper.  4.  Indigo  (p.  287).  5. 
Litmus,  lichen  blue,  turnsole,  orchil  or  archil,  and  cudbear  are 
products  of  the  action  of  air  and  alkalies  on  certain  colorless  prin- 
ciples, as  orcin  (C^IIgOj),  derived  from  diSerent  species  of  lichen, 
Roccella,  Variolaria,  and  Lecanora.  6.  Prussian  blue  (p.  338)  and 
TarnbidVs  blue  (p.  339),  the  ferro-  and  ferridcj-anides  of  iron,  are 
met  with  under  the  names  of  Erlangen,  Louisa,  Saxon,  Paris,  or 
Berlin  blue.  7.  Ultramarine  is  made  on  a  large  scale  by  roasting  a 
mixture  of  fine  white  clay,  carbonate  of  sodium,  sulphur,  and  char- 
coal. Its  constitution  is  not  well  made  out.  Acids  decompose  it, 
Buljjhuretted  hydrogen  escaping. 

Green. — 1.  Cupro-arsenical  green  pigments  (p.  173).  2.  Chlo- 
rojihjill,  I^eaf  green,  or  Chromide.  (A  method  of  extracting  chlo- 
rophyll is  given  under  "Extracts,"  vide  Index.)  It  is  resinoid,  sol- 
ul)le  in  alcohol  and  ether,  insoluble  in  water,  and,  according  to 
Fremy,  consists  of  a  V>lue  substance,  phi/lloci/anin  (Cs4llBf>^'4^i- 
and  a  jeWow,  phi/lloxanthin ;  the  yellow  tints  in  fadiiig  autumnal 
leaves,  he  says,  are  due  to  the  latter  principle,  the  former  ])oing  the 
first  to  fade.  Chlorophyll  would  ])robabIy  well  repay  extended  in- 
vestigation. 3.  Sap-green,  bnchihorn-,  vegetable-,  or  tdadder-grcen  is 
obtained  by  evaporating  to  dryness  a  mixture  of  lime  and  the  juice 
{Rhamni  Sticcus,  B.  P.)  of  the  berries  of  the  Buckthorn  {Rhaninus 
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cat/iarficus).  It  is  soluble  in  water,  slightly  in  alcoliol,  and  insol- 
uble in  ether  and  oils.  4.  Grem  idtmniariiic  is  made  by  a  process 
similar  to  that  of  blue  ultramarine.  5.  Mixtures  of  ))lue  and  yellow 
pigments  and  dyes  are  eounuon  sources  of  green  colors.  6.  Glass 
and  earthenware  are  colored  green  by  oxide  of  chromium  and  black 
oxide  of  copper. 

Brown. — 1.  Umber,  Sienna,  or  Chestnut  broion  is  found  native. 
By  heat  it  is  darkened  in  tint,  and  is  then  known  as  burnt  umber.. 
It  is  a  mixture  of  oxide  of  iron,  silica,  and  alumina.  2.  Sejna  is  a 
drieil  fluid  from  the  ink-bag  of  cuttle-fishes  {Sepiadce) ;  by  its  ejec- 
tion into  adjacent  water  the  animal  obtains  opportunity  of  escape 
from  enemies.  3.  Catechu  (p.  355)  furnishes  a  brown  coloi'ing- 
matter. 

Black. — 1.  Black-lead  (p.  30),  boneblack  (p.  110)  or  ivorij-blacJc, 
and  lampblack,  the  latter  a  deposited  soot  from  incomplete  combus- 
tion of  resin  and  tar,  are  varieties  of  carbon.  2.  Burnt  sv/jar  or 
caramel  (p.  415).  3.  Indian  ink  is  usually  a  dried  mixture  of  fine 
lampblack  and  size  or  thin  glue.  4.  Black  ink  is  essentially  tan- 
nates  and  gallates  of  iron  suspended  in  water  containing  a  little 
gum  in  solution.  5.  Printer\s  ink  is  well-boiled  linseed  or  other  oil 
mixed  with  good  lampblack,  vermilion,  or  other  pigment.  6.  Black 
di/es  ai-e  of  the  same  nature  as  ink.  7.  The  piymentnm  nigrum  of 
black  feathers,  such  as  those  of  the  common  rook,  of  dark  hair,  and 
probably  also  of  the  skin  of  the  negro,  seems  to  be  due  to  the  black 
substance  which  remains  undissolved  when  black  feathers  are  digested 
for  some  time  in  dilute  sulphuric  acid.  It  is  said  to  have  the  formula 
Cj8lI,jN.^08  (Hodgkinson  and  Sorby). 

"White  Pigmexts. — 1.  Chalk  or  Whiting  {t^.  108).  2.  French  chalk, 
steatite,  or  soapstone,  a  silicate  of  magnesium.  3.  Heavy  white  (p. 
101).  4.  Fearl-ivhite  (p.  248).  5.  Plaster  of  Paris  (p.  113).  G. 
Starch  (p.  401).  7.  White-lead  (p.  206).  8.  Zinc-white  (p.  131). 
9.  Oxides  of  tin  and  zinc  and  phosphate  of  calcium  are  employed 
for  giving  a  white  opacity  to  glass. 

Aniline  Colors. — Coal-tar  Colors. — Within  the  last  ten  years 
nearly  every  shade  of  color  seen  in  the  animal  and  vegetable  king- 
doms has  been  successfully  imitated  by  certain  dyes  and  pigments 
primarily  derived  from  a  mineral,  coal.  Coal  distilled  for  gas  fur- 
nishes tar  or  gas-tar.  Coal-tar  contains  some  aniline,  but  especially 
it  contains  a  liquid  convertible  into  aniline — namely,  benzol  (CuIIjIl), 
first  discovered  l)y  Faraday  in  compressed  oil-gas.  From  aniline,  by 
oxi<lation,  Uungo  obtained  the  violet  color-reaction,  the  body  pi-o- 
ducing  which  I'erkin  afterward  studied  and  isolated,  and  manu- 
factured under  the  name  of  mauve.  Aniline  red  {Juchsine,  magenta, 
or  rosanilinf'),  aniline  yellow,  aniline  green,  aniline  blue,  and,  in 
short,  aniline  dyes,  hikes,  and  pigments  of  every  hue  of  the  rainbow, 
are  now  <;oinmon  articles  of  tra<le.  Their  ajjplication  has  revolution- 
ized the  arts  of  tlie  dyer  and  color-printer,  'i'lie  dy(Mng  power  of 
aniline  colors  may  be  used  in  testing  for  their  presence  in  colored 
wines  (claret,  port,  et(\). 
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QUESTIONS  AND  EXERCISES. 

86fi.  Explain  the  pi'oduction  of  color  by  various  natural  and  arti- 
ficial pigments. 

8G7.  Mention  the  chief  yellow  coloring-matters,  and  describe  their 
chemical  nature. 

868.  What  is  annatto  ? 

869.  Name  the  colorific  constituent  of  madder.  Can  it  be  made 
artificially  ? 

870.  State  the  source  of  Litmus. 

871.  Distinguish  between  Prussian  blue  and  Turnbull's  blue,  and 
state  how  they  are  manufactured. 

872.  How  is  blue  ultramarine  obtained?  How  is  it  affected  by 
acids  ? 

873.  Describe  the  chemical  nature  of  the  coloring-principle  of 
greeia  leaves. 

874.  By  what  agents  is  glass  colored  green? 

875.  Whence  is  sepia  obtained? 

876.  Describe  the  chemistry  of  black  ink. 

877.  Write  a  few  sentences  on  aniline  colors. 


QUALITATIVE  ANALYSIS  OF  SUBSTANCES 
HAVING  UNKNOWN  PROPERTIES. 

Substances  are  presented  to  the  analyst  in  one  of  the  three 
forms  in  which  all  matter  exists — namely,  solid,  liquid,  or 
gaseous- — and  they  may  contain  animal  or  vegetable  as  well  as 
mineral  matter. 

The  method  of  analysis  in  the  case  of  solid  mineral  bodies 
has  been  described  on  pp.  367  to  374. 

Solid  animal  or  vegt'lablc  sid)sfances  (or  mixtures  of  these 
with  mineral  bodies)  may  be  indefinite  and  be_yond  the  grasp  of 
chemistry,  or  definite  and  quite  within  the  range  of  proximate 
qualitative  organic  analysis.  The  presence  of  such  substances 
is  indicated  in  the  preliminary  examination  of  a  solid  (pp.  367 
to  369)  by  charring  and  other  characters.  If  no  charring  oc- 
curs and  no  volatile  liquid  is  expelled  by  heat,  the  absence  of 
such  matter  is  indicated.  But  if  organic  matter  is  present,  an 
endeavor  is  made  to  ascertain  its  precise  character.  The  ana- 
lyst's knowledge  of  the  history  of  the  sub.stance  or  tlie  cir- 
cumstances under  which  it  comes  into  his  hands  will  probably 
afford  a  clue  to  its  nature  and  enable  him  to  search  directly 
for  its  proximate  constituents.  If  no  sucli  information  is  at 
liand,  the  action  of  solvents  may  be  employed,  as  likely  to  af- 
ford indication  of  the  general,  if  not  of  the  precise,  nature  of 
the  substance.  Water,  alcohol,  ether,  chloroform,  bisulphide 
of  carbon,  each  both  hot  and  cold,  may  in  turn  bo  agitated  with 
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tlic  substance,  the  mixture  filtered,  a  portion  of  the  filtrate 
evaporated,  at  first  partially,  setting  the  product  aside,  and 
afterward  to  dryness,  and  any  deposit  or  residue  examined 
with  and  without  the  aid  of  a  microscope.  Other  portions  of 
the  filtrate  may  be  treated  with  acids,  alkalies,  and  solutions  of 
such  metallic  salts  as  are  commonly  used  as  group-tests  for 
acidulous  radicals  (p.  304).  The  action  of  alkalies,  as  well  as 
acids,  weak  and  strong,  hot  and  cold,  may  also  be  tried  on  the 
solid  substance  itself,  and  colors,  odors,  and,  in  short,  any  efi"ect 
whatever,  duly  noted.  A  portion  of  the  substance  should  also 
be  burnt  in  an  open  porcelain  crucible  until  no  carbon  remains, 
and  the  ash,  if  any,  examined ;  its  amount  and  nature  may 
aflbrd  information  leading  to  the  identification  of  the  sub- 
stance. 

The  foregoing  experiments  having  been  carefully  performed 
and  all  results  entered  in  the  note-book,  a  little  reflection  will 
possibly  lead  to  the  recognition,  or  may  suggest  fiirther  direct 
experiments  or  confirmatory  tests,  or  will,  at  least,  have  pointed 
to  the  absence  of  90  or  95  per  cent.,  of  all  possible  substances, 
and  thus  have  restricted  the  area  of  inquiry  to  narrow  limits. 
The  success  attainable  in  qualitative  proximate  organic  analysis 
by  the  medical  or  pharmaceutical  student  will  of  course  largely 
depend  on  the  thoroughness  with  which  the  operator  has  prose- 
cuted his  study  of  practical  chemistry  generally,  but  it  also 
will  be  considerably  aff'ected  by  the  extent  to  which  he  has 
cultivated  the  art  of  observation,  and  the  opportunities  he  has 
had  of  acquiring  a  knowledge  of  the  appearances,  uses,  and 
common  properties  of  definite  chemical  substances  and  of  ar- 
ticles of  food,  drink,  and  medicine.  The  most  successful  of 
several  good  analysts  will  be  the  one  who  has  most  common 
sense  and  most  experience. 

The  pharmaceutical  student,  who  has  probably  already  had 
some  years  of  experience  in  pharmacy,  occupies  an  unusually 
favorable  position  for  prosecuting  the  proximate  analysis  of 
organic  and  inorganic  sub.stances,  or,  at  all  events,  of  that  large 
jiroportion  of  such  bodies  met  with  in  the  domain  of  hygiene 
and  pharmacy.  Many  substances  he  will  identify  at  sight  or 
by  aid  of  a  lens,  or  after  applying  some  simple  physical  or 
chemical  test.  Nor  .should  he  find  much  difficulty,  after  reach- 
ing the  present  point  of  practical  study,  in  deciding  whether 
the  solid  substance  under  examination  liclongs  to  the  class  of 
organic  acids,  organic  salts  of  metallic  radicals,  alkaloids,  salts 
of  alkaloids,  amylaceous  matter,  gums,  saccharine  substances, 
glucosides,  albiimenoid  matters,  fats,  soaps,  resins,  coloring-mat- 
ters, etc.     For  instance,  the  pharmaceutical  student  will  find 
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less  difficulty  than  the  general  student  in  successfully  analyzing 
a  substance  occurring  in  "  scales,"  because  he  has  experience 
of  the  appearances  uf  compounds  commonly  produced  in  that 
form,  and  because,  even  if  the  appearance  is  new  to  him,  he 
knows  what  kind  of  substances  most  readily  lend  themselves 
to  production  in  that  form.  While  the  general  student  is  test- 
ing generally,  and  proceeding  cautiously,  or  searching  for  gen- 
eral information  in  books  of  reference,  the  pharmaceutical  or 
medical  student  has  incinerated  some  of  the  material,  noticed 
whether  or  not  the  ash  is  red  (iron)  and  strongly  alkaline 
(potassium),  treated  more  of  the  material  with  an  alkali  (for 
ammonium),  added  excess  of  ammonia,  and  examined  the  pre- 
cipitate (for  cinchonine  or  quinine),  or  shaken  up  the  alkaline 
liquid  successively  with  ether  and  chloroform,  and  tested  the 
residue  of  these  decanted  and  evaporated  solvents  (quinine, 
beberine,  strychnine),  and  examined  the  aqueous  solution  of  the 
material  or  one  of  the  filtered  alkaline  liquids  in  the  usual 
way  for  acidulous  radicals  (citric,  tartaric,  sulphuric,  hypo- 
phosphorous)  ;  or  he  has  modified  his  methods  to  include 
search  for  some  "  scale  preparation  "  which  his  special  know- 
ledge tells  him  has  been  newly  introduced  to,  or  is  rare  in, 
pharmacy. 

In  the  case  of  lupiids  the  solvents  as  well  as  the  dissolved 
matters  claim  attention.  A  few  drops  are  evaporated  to  dry- 
ness on  platinum  foil  to  ascertain  if  solid  matter  of  any  kind  is 
present ;  the  liquid  is  tested  by  red  and  blue  litmus-paper  to 
ascertain  if  free  alkalies,  free  acids,  or  neither,  are  present ;  a 
few  drops  are  heated  in  a  test-tube  and  the  odor  of  any  vapor 
noticed,  a  piece  of  glass  tubing  bent  to  a  right  angle  being,  if 
necessary,  adapted  to  tha  test-tube  by  a  cork,  and  some  of  the 
distilled  liquid  collected  and  examined  ;  finally,  the  usual  group- 
reagents  for  the  several  basylous  and  acidulous  radicals  are 
consecutively  applied. 

Proceeding  in  this  way,  the  student,  who  has  already  had 
some  experience  in  pharmacy,  will  not  be  likely  to  overlook 
such  solvents  as  water,  acids,  alkalies,  alcohol,  glycerin,  ether, 
chloroform,  benzol,  fixed  oils,  and  Qssentiaj  oils,  or  to  miss  the 
substances  M'hicli  these  menstrua  may  hold  in  solution.  He 
will  probably  also  recognize  such  licjuids  as  carbolic  acid,  formic 
acid,  lactic  acid,  niethylic  alcohol,  aldehyd,  aniline,  nitrobenzol. 
He  must  not,  however,  suppose  that  he  will  always  be  able  to 
qualitatively  analyze,  say,  a  bottle  of  medicine,  for  the  various 
infusions,  decoctions,  tinctures,  wines,  syrups,  liniments,  con- 
fections, extracts,  pill-masses,  and  powders  contain  vegetable 
matters,  most  of  which  at  present  are  quite  beyond  the  reach  of 
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the  analyst.  Neither  the  highest  skill  in  analysis,  nor  the 
largest  amount  of  experience  concerning  the  odor,  appearance, 
taste,  and  uses  of  drugs,  is  sufficient  for  the  detection  of  all 
these  vegetable  matters.  Skill  and  experience  combined,  how- 
ever, will  do  much,  and  in  most  cases  even  so  difficult  a  task  as 
the  one  just  mentioned  be  accomplished  with  reasonable  success. 
Obviously,  qualitative  analysis  alone  will  not  enable  the  expei*- 
imenter  to  produce  a  mixture  of  substances  similar  to  that 
analyzed ;  to  this  end  recourse  must  be  had  to  quantitative 
analysis,  a  subject  reserved  for  subsequent  consideration. 

Natural  fluids,  as  "  Milk  "  and  "  Urine  "  {vide  Index),  admit 
of  special  analytical  treatment. 

Gas-<inali/svi,  or  Eiuliometry  (from  evdca,  eudia,  calm  air, 
and  ;j.--piiv,  niefron,  a  measure,  in  allusion  to  the  nu/ioviefer,  an 
instrument  used  in  measuring  the  proportion  and,  as  the  early 
chemists  thought,  the  salubrity  of  the  gases  of  the  air),  is  a 
branch  of  experimental  investigation,  chiefly  of  a  quantitative 
character,  concerning  which  information  must  be  sought  in 
other  treatises.  The  analysis  of  atmospheric  air  from  various 
localities,  coal-gas  and  -gases  obtained  in  chemical  researches, 
involves  operations  which  are  scarcely  within  the  sphere  of 
Chemistry  applied  to  Medicine.  Beyond  the  recognition,  there- 
fore, of  oxygen,  hydrogen,  nitrogen,  carbonic,  sulphurous,  and 
hydrosulphuric  acid  gases,  the  experimental  considerations  of 
the  chemistry  of  gaseous  bodies  may  be  omitted.  Their  study, 
however,  should  not  be  neglected,  as  existing  conceptions  of 
the  constitution  of  chemical  substances  are  largely  dependent 
on  the  observed  relations  of  the  volumes  of  gaseous  compounds 
to  their  elements.  (See  previous  paragraphs,  pp.  36  to  4.3,  54 
to  58,  and  155.)  The  best  single  work  on  this  latter  part  of  the 
subject  is  a  small  book  by  Hofmann,  Introduction  to  Modern, 
Chenmtry. 

Spectral  Analysis. — It  may  be  as  well  to  state  here  that  the 
preliminary  and  final  examinations  of  minute  quantities  of  solid 
matter  may,  in  certain  ca.ses,  profitably  include  their  exposure 
to  a  temperature  at  which  they  emit  light,  the  flame  being 
physically  analyzed  by  a  spectroscope.  A  spectroscope  con- 
.sists  essentially  of  a  prism  to  decompose  a  ray  of  light  into  its 
constituent  colors,  with  tubes  and  lenses  to  collect  and  trans- 
mit the  ray  or  rays  to  the  eye  of  an  observer.  The  material 
to  be  examined  is  placed  on  the  end  of  a  platinum  wire,  which 
is  then  brought  within  the  edge  of  a  spirit-lamp  or  other  smoke- 
less flame  ;  volatilization,  attended  usually  in  the  case  of  a 
compound  by  decomposition,  at  once  occurs,  and  the  whole 
flame  is  tinged  with  a  characteristic  hue.    A  flat  ribbon  of  rays 
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as  next  cut  oflF  by  bringing  near  to  the  flame  a  brass  tube  the 
cap  of  which  is  pierced  by  a  narrow  slit.  At  the  other  end  of 
the  tube,  at  focal  distance  for  parallel  rays,  is  a  lens  through 
which  the  ribbon  of  light  passes  to  a  prism  ;  the  prism  decom- 
poses the  ribbon,  spreading  out  its  constituent  colors  like  a 
partially-opened  fan,  and  the  colored  beam  or  upeclrum  thus 
produced  is  then  examined  by  help  of  a  telescope  attached  by 
a  movable  joint  to  the  stand  which  carries  the  prism  and 
object-tube.  Sodium  compounds  under  these  circumstances 
give  yellow  light  only,  indicated  by  a  double  band  of  light  in 
a  position  corresponding  to  a  portion  of  the  yellow  part  of  an 
ordinai'y  solar  spectrum.  The  potassium  spectrum  is  mainly 
composed  of  a  red  and  violet  band  ;  lithium,  a  crimson,  and  at 
very  high  temperatures  a  blue  band.  Most  of  the  other  ele- 
ments give  equally  characteristic  spectra. 

By  aid  of  a  combined  microscope  and  spectroscope  (micro- 
spectroscope)  the  color  of  colored  fluids  can  be  analyzed. 


CHEMICAL  TOXICOLOGY. 

In  cases  of  criminal  and  accidental  poisoning  the  substances 
presented  to  the  chemical  analyst  for  examination  are  usually 
articles  of  food,  medicines,  vomited  matters,  or  the  liver, 
kidney,  intestines,  stomach  and  contents,  removed  in  course  of 
post-mortem  examination.  In  these  cases  some  special  opera- 
tions are  necessa.ry  before  the  poison  can  be  isolated  in  a  state 
of  sufficient  purity  for  tbe  application  of  the  usual  tests ;  for 
in  most  instances  the  large  quantity  of  animal  and  vegetable — 
or,  in  one  word,  organic — matter  present  prevents  or  masks  the 
characteristic  reactions  on  which  the  tests  are  founded.  These 
operations  will  now  be  described  ;*  they  form  the  chemical 
part  of  the  subject  of  Toxicology  (zd^uu'^,  /oxicoii,  poison,  and 
Aoyoe;,  h(/os,  discourse). 

Substances  occurring  in  tbe  form  of  an  apparently  definite 
salt  or  unmixed  with  organic  matter  need  no  special  treatment; 
they  are  analyzed  by  the  ordinary  methods  already  given,  at- 
tention being  restricted  to  poisonous  compounds  only. 


*  Materials  for  these  experiments  are  readily  obtained  for  ediica- 
tional  purposes  by  dissolving  tlie  poison  in  infusions  of  tea  or  coflee,  in 
porter,  or  in  water  to  which  some  nuicihige  of  starch,  or  linseed-meal, 
pieces  of  bread,  potato,  and  fat  liave  been  added. 
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Examination  of  an  Organ rc  Mixture  suspected  to  con- 
tain Mercury,  Arsenicum,  Antimony,  Lead,  Copper, 
OR  Zinc;  Sulphuric  Acid,  Nitric  Acid,  Hydrochloric 
Acid,  Oxalic  Acid,  or  Hydrocyanic  Acid  ;  Caustic 
Alkalies;  Phosphorus;  Strychnine,  Morphine,  or 
OTHER  Poisonous  Alkaloids. 

Preliminary  Examination. 

Odor,  Appearance,  Taate. — Smell  the  mixture,  with  the  view 
of  ascertaining  the  presence  or  absence  of  any  notable  quantity 
of  free  hydrocyanic  acid.  Look  carefully  for  any  small  solid 
particles,  such  as  arsenic,  corrosive  sublimate,  or  verdigris,  and 
for  any  appeai'ance  which  may  be  regarded  as  abnormal,  any 
character  unusual  to  the  coffee,  tea,  beer,  medicine,  vomit, 
coats  of  stomach,  kidney,  liver,  or  other  organ,  tissue,  or  solid 
matter  under  examination. 

Poiwnous  Quantity  of  Acid. — Add  to  a  small  portion  some 
solution  of  carbonate  of  sodium,  with  the  view  of  ascertaining 
by  strong  effervescence  the  presence  of  any  large,  poisonous 
quantity  of  sulphuric,  nitric,  or  hydrochloric  acid  (p.  495). 

Poisonous  Qnanfiti/  of  Alkali. — If  so  excessively  alkaline  as 
to  require  the  addition  of  a  very  large  quantity  of  acid  before 
neutralization  is  effected,  a  noxious  quantity  of  a  corrosive  or 
caustic  alkali  is  present.  Whether  soda  or  potash,  is  ascertained 
by  the  usual  tests. 

Special  instructions  may  induce  the  operator  to  suspect  the 
presence  of  one  particular  poison.  Direct  examination  for  the 
latter  may  then  be  made,  either  at  once  if  the  substance  has 
an  aqueous  character,  or  when  filtration  or  treatment  with 
warm  hydrochloric  or  acetic  acid  has  afforded  a  more  or  less 
colorless  liquid. 

Fluids. — A  vomit  or  the  contents  of  a  stomach,  if  set  aside 
in  a  long  narrow  vessel  (test-glass  or  ale-glass),  or,  better,  ex- 
posed on  a  filter  during  a  night,  will  often  yield  a  more  or  less 
cl(!ar  limpid  portion  at  the  bottom  or  top  of  the  solid  matter. 
Tills  fluid  (separated  by  a  pipette  or  otherwise)  will  sometimes 
respond  to  tests  without  further  preparation,  and  always  re- 
quires less  preparatory  treatment  than  a  semi-solid  mixture. 
If  none  pas.ses  through  a  filter,  a  portion  often  collects  in  the 
upper  part. 

General  Procedure — If  the  preliminary  examination  does 
not  indicate  the  method  to  be  i)urKucd.  proceed  as  follows, 
treating  a  portion  (not  more  than  one-fourth)  of  the  mixture 
for  the  poisonous  metals,  another  for  the  acids,  and  a  tliird  for 
42 
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alkaloids,  reserving  tlie  remainder  for  any  special  experiments 
which  may  suggest  themselves  in  the  course  of  analysis : — 

Examination  for  Mercury,  Arsenicum,  Antimony,  Lead, 
Copper,  2jrinc. 

If  a  liquid,  acidulate  with  hydrochloric  acid  and  boil  for  a 
short  time.  If  solid  or  semi-solid,  cut  uj)  the  matter  into  small 
pieces,  add  enough  water  to  form  a  liquid  mixture,  stir  in  10  or 
20  per  cent,  of  ordinary  liquid  hydrochloric  acid,  and  boil  until, 
from  partial  aggregation  and  solution  of  the  solid  matter,  filtra- 
tion can  be  easily  effected. 

Heat  a  portion  of  the  clear  liquid  with  a  thin  piece  of  bright 
pure  copper  or  copper  gauze  about  an  inch  long  and  a  quarter 
of  an  inch  broad  for  about  ten  or  twenty  minutes ;  metallic 
mercury,  arsenicum,  or  antimony  will  be  deposited  on  the  copper, 
darkening  it  considerably  in  color.  Pour  oS  the  liquid  from 
the  copper,  carefully  rinse  the  latter  with  a  little  cold  water, 
dry  the  piece  of  metal  by  holding  it  over  or  near  a  flame  (using 
fingers,  not  tongs,  or  it  may  become  sufiiciently  hot  for  loss  of 
mercury  or  arsenicum  to  occur  by  volatilization),  introduce  it 
into  a  narrow  test-tube  or  piece  of  glass  tubing  closed  at  -one 
end,  and  heat  the  bottom  of  the  tube  in  a  flame,  holding  it 
horizontally,  that  the  upper  part  of  the  tube  may  be  kept  cool, 
and  partially  closing  the  mouth  with  the  finger  to  prevent 
escape  of  vapor.  Under  these  circumstances  any  mercury  will 
volatilize  from  the  copper  and  condense  on  the  cool  part  of  the 
tube  in  a  ring  or  patch  of  white  sublimate,  readily  aggregating 
into  visible  globules  on  being  pressed  by  the  side  of  a  thin 
glass  rod  inserted  into  the  tube;  arsenicum  will  volatilize  from 
the  copper,  and,  absorbing  oxygen  from  the  air  in  the  tube, 
condense  on  the  cool  part  of  the  glass  in  a  ring  or  patch  of 
white  sublimate  of  arsenic  (gray,  or  even  darker  if  much 
arsenicum  as  well  as  arsenic  be  present),  not  running  into 
globules  when  rubbed,  but  occurring  in  small  crystals,  the 
characteristic  octahedral  form  of  which  is  readily  seen  by  aid 
of  a  good  hand-lens  or  the  lower  part  of  a  microscope ;  antl- 
mony  volatilizes  from  the  copper  if  strongly  heated,  and,  ab- 
sorbing oxygen,  immediately  condenses  as  a  slight  white  deposit 
close  to  the  metal. 

Confirmatory  Tests. — 1.  Nothing  short  of  the  production  of  plolv 
ulcs  should  be  accepted  as  evidence  of  ti\e  presence  of  mercury.  It 
will  usually  have  existed  as  corrosive  sublimate. 

2.  To  confirm  indications  of  the  presence  of  arsenicum,  a  portion 
of  the  acid  liquid  may  be  subjected  to  the  hydrogen  tests  (pp.  109, 
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170),  or  the  tiilio  contaiiiiiij;-  tlio  wliito  erystallino  arsonie  may  1)0 
broken,  and  tlie  part  on  which  the  sublimate  occurs  boiled  for  some 
time  in  water,  and  the  hydroHulphuric-acid,  aminonio-nitratc-of-silver, 
ami  anunonio-sulphatc-ol'-copper  tests  (pp.  172,  174)  applied  to  the 
aijueous  solution. 

3.  For  antimony  a  portion  of  the  acid  liquid  must  always  be  intro- 
dnceil  into  the  hydrogen  ajjparatus  with  the  usual  precautions.  (  Vide 

P-i'^-^-)  '  ... 

I\nfe. — Before  finally  concludinf;'  that  arsenicum  is  absent  from  a 

fluid  the  latter  should  be  warmed  with  a  little  sulphurous  acid,  and 

ordinary  tests  then  again  applied,  for  arsenic  acid  and  other  arse- 

niates  are  not  readily  atfected  by  the  usual  reagents  for  arsenicum. 

For  lead  or  copper,  pass  hydrosulpliuric  acid  gas  through 
the  clear  acid  liquid  for  some  time,  warming  the  liquid  if  no 
precipitate  is  produced,  or  diluting  and  partially  neutralizing 
the  acid  by  ammonia  if  much  acid  has  been  added.  Collect  on 
a  filter  any  black  precipitate  that  may  have  formed ;  wash, 
dissolve  in  a  few  drops  of  aqua  regia,  dilute,  and  apply  the 
tests,  such  as  ammonia  for  copper,  sulphuric  acid  for  lead,  and 
any  other  of  the  ordinary  reagents  (pp.  189,  210). 

Copper  may  often  he  at  once  detected  in  a  small  quantity  of  acid- 
ulated liquid  by  immersing  the  point  of  a  penknife  or  a  piece  of 
bi'ight  iron  wire — a  deposit  of  copper,  in  its  characteristic  color, 
(|uickly  or  slowly  appearing,  according  to  the  amount  present  (p. 
189).  " 

Zinc. — To  the  acid  liquid  through  which  sulphuretted  hydro- 
gen has  been  passed,  add  excess  of  ammonia  (or  to  the  original 
acid  fluid  add  excess  of  ammonia  and  then  sulphydrate  of  am- 
monium) ;  a  precipitate  falls  which  may  contain  alumina,  phos- 
phates, and  zinc  ;  it  is  usually  blackish  from  the  presence  of 
sulphide  of  iron.  Collect  the  precipitate  on  a  filter,  wash,  dis- 
solve in  a  little  hydrochloric  acid,  add  a  few  drops  of  nitric 
acid,  boil,  pour  in  excess  of  ammonia,  filter,  and  test  the  filtrate 
with  sulphydrate  of  ammonium  :  a  white  precij^itate  indicates 
zinc. 

Examination  for  Mineral  Acids,  Oxulic  Acid,  or 
Hydrocyanic  Arid. 

To  detect  Jlydrorldnric,  Nitric,  or  Snipliuric  Acitl  in  any 
liquid  containing  organic  matter,  dilute  with  water  and  apply 
to  small  portions  the  usual  tests  for  each  acid,  disregarding  in- 
dications of  small  quantities.    (  Vide,  pp.  264,  286,  307.) 

Excessive  sourness,  copious  evolution  of  carbonic  acid  gas  on  the 
addition  of  carbonate  of  sodium,  and  abundant  evidence  of  acid  on 
applying  the  various  tests  to  snuill  portions  of  the  fluid  presented  for 
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analysis,  collectively  form  sufficient  evidence  of  the  occurrence  of  a 
poisonous  amount  of  cither  of  the  three  common  mineral  acids. 
Small  quantities  of  the  hytlrochloric,  nitric,  and  sulpiiuric  radicals 
occurring  as  metallic  salts  or  acids  are  common  normal  constituents 
of  food,  hence  the  direction  to  disregard  insignificant  indications.  If 
the  fluid  under  examination  \w  a  vomit  or  the  contents  of  a  stomach, 
and  an  antidote  has  heen  administered,  free  acid  will  not  be  found, 
hut,  instead,  a  large  amount  of  corresjionding  salt. 

For  oxnlic  acid,  filter  or  strain  a  portion  of  the  liquid,  if 
not  already  clear,  and  add  solution  of  acetate  of  lead  so  long 
as  a  precipitate  occurs ;  collect  the  precipitate,  which  is  partly 
oxalate  of  lead,  on  a  filter,  wash,  transfer  it  to  a  test-tube  or 
test-glass,  add  a  little  water,  and  pass  hydrosulpliuric  gas 
through  the  mixture  for  a  short  time;  the  lead  is  thus  con- 
verted into  the  insoluble  form  of  sulphide,  while  oxalic  acid  is 
set  free  in  the  solution.  Filter,  boil  to  get  rid  of  hydrosul- 
phuric  gas,  and  apply  the  usual  tests  for  oxalic  acid  (see  p. 
314)  to  the;c)ear  filtrate. 

The  contents  of  a  stomach  containing  oxalic  acid  are  often 
of  a  dark-brown  color  with  a  tinge  of  green  (altered  blood  and 
mucus),  and  the  viscid  mixture  generally,  though  slowly,  af- 
fords some  clear,  limpid,  almost  colorless  liquid  by  filtration  or 
standing. 

For  liydroryanic  acid  the  three  chief  tests  may  be  applied 
at  once  to  the  liquid  or  semi-liquid  organic  mixture,  whether 
it  has  an  odor  of  hydrocyanic  acid  or  not.  First :  Half  fill  a 
small  porcelain  crucible  with  the  material,  add  eight  or  ten 
drops  of  strong  sulphuric  acid,  stir  gently  with  a  glass  rod, 
and  invert  over  the  mouth  of  the  crucible  a  watch-glass  moist- 
ened with  a  small  drop  of  solution  of  nitrate  of  silver  ;  a  white 
film  on  the  silver  solution  is  probably  cyanide  of  silver,  formed 
by  the  action  of  the  gaseous  hydrocyanic  acid  on  the  nitrate  of 
silver.  Second :  Prepare  a  small  quantity  of  the  organic  mix- 
ture as  before,  slightly  moistening  the  centre  of  the  watch- 
glass  with  solution  of  potash ;  here,  again,  the  heat  generated 
by  the  action  of  the  strong  acid  is  sufficient  to  volatilize  some 
of  the  hydrocyanic  acid,  which,  reacting  on  the  potash,  forms 
cyanide  of  potassium.  On  removing  the  watch-glass  and  stir- 
ring into  it  successively  solution  of  a  ferrous  salt,  a  ferric  salt, 
and  hydrochloric  acid,  flocks  of  Prussian  blue  are  produced  if 
hydrocyanic  acid  is  present.  Third :  Proceed  as  before,  moist- 
ening the  watch-glass  with  sulphydrate  of  ammonium  ;  after 
exposure  to  tlie  hydrocyanic  gas  for  five  or  ten  minutes  add  a 
drop  of  solution  of  ammonia,  evaporate  to  dryness  at  a  low 
temperature,  and  add  a  drop  of  hydrochloric  acid  and  of  sola- 
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tion  of  percliloridc  of  iron  ;  a  blood-red  color,  due  to  sulplio- 
cyanate  of  iron,  is  produced  if  cyanogen  is  present. 

If  the  above  reactions  are  not  well  marked,  the  organic  mixture 
may  be  carefully  and  slowly  distilled  in  a  small  retort,  tlie  neck  of 
which  passes  into  a  bottle  and  dips  beneath  the  surface  of  a  little 
water  at  the  bottom  of  the  bottle,  and  the  reagents  then  applied  to 
separate  portions  of  the  distillate. 

The  examination  of  organic  mixtures  for  hydrocyanic  acid  must 
be  nuxde  without  delay,  as  the  poison  soon  begins  to  decompose,  and 
in  a  day  or  two  is  usually  destroyed. 

Examination  for  Phospliorus. 

A  pa.ste  containing  phosphorus  is  commonly  employed  for  destroy- 
ing vermin.  In  cases  of  poisoning  the  phosphorus  is  commonly  in 
sufficient  quantity  to  be  recognized  by  its  characteristic  unpleasant 
smell.  A  stonuxch  in  which  it  occurs  not  unfrequently  exhibits 
slight  luminosity  if  opened  in  a  dark  room.  When  the  phosphorus 
is  too  small  in  quantity  or  too  much  diffused  to  afford  this  appear- 
ance, a  portion  of  the  material  is  placed  in  a  flask,  water  acidulated 
by  sulphuric  acid  added,  a  long  wide  glass  tube  fitted  to  the  neck  of 
the  flask  by  a  cork,  and  the  mixture  gently  boiled.  If  phosphorus  is 
present  (even  1  part  in  2,000,000,  according  to  De  Vrij)  the  top  of 
the  column  of  steam  as  it  condenses  in  the  tulie  will  appear  dis- 
tinctly phosphorescent  when  viewed  in  a  dark  room.  Fi'om  its 
iiahility  to  oxidation,  phosphorus  cannot  be  detected  after  much 
exposure  of  an  organic  mixture  to  air. 

Examinotlon  for  Stri/cliiniie  and  3IorpJiine. 

Sfri/cJininc. — If  solid  or  semi-solid,  digest  the  matter  with 
water  and  about  10  per  cent,  of  liydrochloric  acid  till  fluid  ; 
filter,  evaporate  to  dryness  over  a  water-bath.  If  the  organic 
mixture  is  already  liquid,  it  is  simply  acidulated  with  hydro- 
chloric acid  and  evaporated  to  dryness.  The  acid  residue  is 
next  treated  with  spirit  of  wine  as  long  as  anything  is  dissolved, 
the  filtered  tincture  evaporated  to  dryness  over  the  water-bath, 
and  the  residue  digested  in  water  and  filtered.  This  slightly 
acid  aqueous  solution  must  now  be  rendered  alkaline  by  ammo- 
nia, and  well  shaken  in  a  bottle  or  long  tube  with  about  half 
an  ounce  of  chloroform,  and  set  by  till  the  chloroform  has  sub- 
sided. The  chloroform  (which  contains  the  strychnine)  is  then 
removed  by  a  pipette,  the  presence  of  any  aqueous  liquid  being 
carefully  avoided,  and  evaporated  to  dryness  in  a  small  basin, 
over  a  water-bath,  th(!  residue  moistened  with  concentrated  sul- 
phuric acid,  and  the  basin  kept  over  the  water-bath  for  several 
Inuirs.  (It  is  highly  important  that  the  sulphuric  acid  used  in 
this  operation  should  be  free  from  nitrous  compounds.  Test 
42  « 
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the  acid,  therefore,  by  adding  powdered  sulphate  of  iron,  which 
becomes  pink  if  nitrous  bodies  are  present.  If  these  are  found, 
the  acid  should  be  purified  by  strongly  heating  with  sulphate 
of  ammonium,  7U  or  80  grains  to  a  pint.)  The  charred  mate- 
rial is  exhausted  with  water,  filtered,  excess  of  ammonia  added, 
the  filtrate  shaken  with  about  a  quarter  of  an  ounce  of  chloro- 
form, the  mixture  set  aside  for  the  chloroform  to  separate,  and 
the  chloroform  again  removed.  If,  on  evaporating  a  small 
portion  of  this  chloroform  solution  to  dryness,  adding  a  drop 
of  sulphuric  acid  to  the  residue,  and  warming,  any  darkening 
in  color  or  charring  takes  place,  the  strychnine  is  not  suffi- 
ciently pure  for  chemical  detection  ;  in  that  case  the  rest  of 
the  chloroform  must  be  removed  by  evaporation  and  the  resi- 
due redigested  in  warm  sulphuric  acid  for  two  or  three  hours. 
Dilution,  neutralization  of  acid  by  ammonia,  and  agitation  with 
chloroform  are  again  practised,  and  the  residue  of  a  small  por- 
tion of  the  chloroform  solution  once  more  tested  with  sulphuric 
acid.  If  charring  still  occurs,  the  treatment  must  be  repeated 
a  third  time.  Finally,  a  part  of  the  chloroform  solution  is 
taken  up  by  a  pipette,  and,  drop  after  drop,  evaporated  on  one 
spot  of  a  porcelain  crucible-lid  until  a  fairly  distinct  dry  resi- 
due is  obtained.  A  drop  of  sulphuric  acid  is  placed  on  the 
spot,  another  drop  placed  near,  a  minute  fragment  of  red  chro- 
mate  of  potassium  placed  in  the  second  drop,  and,  when  the 
acid  has  become  tinged  with  the  chromate,  one  drop  drawn 
across  the  other ;  the  characteristic  evanescent  purple  color  is 
then  seen  if  strychnine  is  present.  Other  tests  (^vide  p.  389) 
may  be  applied  to  similar  spots. 

This  is  Girdwood  and  Rogers's  method  for  the  detection  of  strvch- 
nine  when  mixed  with  organic  matter.  It  is  tedious,  but  trustworthy, 
and,  though  apparently  complicated,  very  simple  in  principle;  thus, 
strychnine  is  soluble  in  acidulated  water  or  alcohol  or  in  chloroform, 
readily  removed  from  an  alkaline  liquid  by  agitatiofi  with  chloroform, 
and  not  charred  or  otherwise  attacked  when  heated  to  212°  F.  with 
sulphuric  acid :  much  of  the  organic  matter  of  tiie  food  is  insoluble 
in  water ;  of  that  soluble  in  water,  much  is  insoluble  in  alcohol ; 
and  of  that  soluble  in  both  menstrua,  all  is  charred  and  destroyed 
by  warm  sulphuric  acid  in  a  shorter  or  longer  time. 

Morphine^  and  the  Mcconic  Acid  with  ichich  it  in  Ansnciafcd  in 
Opium. — To  the  liquid  or  the  semi-fluid  mixture  warmed  for 
some  time  in  a  small  quantity  of  acetic  acid,  filtered  and  con- 
centrated if  necessary,  add  solution  of  acetate  of  lead  until 
no  further  precipitate  is  jiroduced.  Filter  and  examine  the 
jire.cipitate  for  meconic  acid,  reserving  the  Jdtratc  for  the  de- 
tection of  nu)rphine. 
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TIte  Precipitate. — Wash  the  precipitate  (meconate  of  lead, 
etc.)  with  watei",  place  it  in  a  test-tube  or  test-glass  with  a 
sniall  quantity  of  water,  pass  hydrosulphuric  acid  gas  through 
the  mixture  for  a  short  time,  filter,  slightly  warm  in  a  small 
basin,  well  stirring  to  promote  removal  of  excess  of  the  gas, 
ant!  add  a  drop  of  neutral  solution  of  perchloride  of  iron  ;  a 
red  color,  due  to  the  formation  of  meconate  of  iron,  is  produced 
if  meconic  acid  is  present.  This  color  is  not  destroyed  on  boil- 
ing the  liquid,  as  is  the  case  with  ferric  acetate,  nor  is  it 
bleached  by  solution  of  corrosive  sublimate,  thus  distinguish- 
ing it  from  the  ferric  sulphocyanate.  It  is  dischai'ged  by 
hydrochloric  acid. 

Tlie  Filtrate. — The  solution  from  which  meconic  acid  has 
been  removed  by  acetate  of  lead  is  evaporated  to  a  small  bulk 
over  a  water-bath,  excess  of  carbonate  of  potassium  added,  and 
evaporation  continued  to  dryness.  The  residue  is  then  treated 
with  alcohol,  which  dissolves  the  morphine.  The  alcoholic 
solution  evaporated  similarly  may  leave  the  morphine  sufficient- 
ly pure  for  the  application  of  the  usual  tests  (o^'./e  p.  381)  to 
small  portions  of  the  residue.  If  no  reaction  is  obtained,  add 
a  drop  of  sulphuric  acid  and  a  little  water  to  the  residue  and 
shake  with  ether,  in  which  the  salt  of  morphine  is  insoluble. 
The  treatment  with  ether  may  be  repeated  until  nothing  more 
is  removed,  the  acid  aqueous  liquid  saturated  with  carbonate 
of  potassium,  the  mixture  evaporated  to  dryness,  the  residue 
digested  in  alcohol,  filtered,  and  portions  of  the  alcoholic  liquid 
evaporated  to  obtain  spots  of  morjjhine  for  the  application  of 
the  ordinary  tests. 

If  much  organic  matter  is  believed  to  remain  in  the  filtrate 
after  the  acetate-of-lead  treatment,  or  if  a  considerable  excess 
of  acetate  of  lead  has  been  employed,  the  filtered  liquid  should 
be  subjected  to  a  current  of  sulphuretted  hydrogen  until  no 
more  sulphide  of  lead  is  precipitated,  the  mixture  filtered,  and 
the  filtrate,  with  the  washings  from  the  sulphide  of  lead,  evapor- 
ated to  a  small  bulk,  excess  of  carbonate  of  potassium  added, 
the  whole  well  mixed  and  agitated  with  twice  or  thrice  its  bulk 
of  a  mixture  of  ether  and  acetic  ether  (ether  alone  might  not 
dissolve  the  morphine).  On  standing,  the  ethereal  liquid  rises 
to  the  surface ;  it  is  carefully  removed,  evaporated  to  dryness, 
and  the  residue  tested  or  further  purified  in  the  manner  de- 
scribed in  the  preceding  paragraph. 

The  examination  for  morphine  must  lie  conducted  with  great  care, 
!in<l  with  as  large  a  quantity  of  material  as  can  bo  sjianMl,  for  its 
i-iolation  from  other  organic  matter  is  an  operation  of  con.sidcu-able 
difficulty,  e.;pecially  when  only  a  minute  proportion  of  alkaloid  is 
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present.  Fortunately,  the  detection  of  meconic  acid  does  not  in- 
clude similar  difficulties,  and,  as  its  reactions  arc  quite  characteris- 
tic, its  presence  is  held  to  be  strong  evidence  of  the  existence  of 
opium  in  an  organic  mixture. 

Examination  for  other  Poisonous  Alkahiih. 

tSfa.^\i  Process. — Minutely  subdivide  any  solid  matter ;  to 
this  and  the  liquid  portion  of  the  vomit,  etc.  add  about  twice 
their  weight  of  the  strongest  spirit  of  wine  containing  suflBcient 
tartaric  acid  to  fairly  acidify  the  mixture.  Dige.st  the  whole  in 
a  fla.slc  at  a  temperature  of  150°  or  160°  F. ;  set  aside  to  cool ; 
filter.  The  solution,  which  will  contain  the  whole  of  the  alka- 
loid, should  then  be  evaporated  to  dryness  vn  yao/o,  or  at  all 
events  at  a  temperature  not  exceeding  100°  F.,  lest  volatile 
alkaloids  should  be  dissipated.  The  residue  is  next  exhausted 
with  cold  anhydrous  alcohol,  filtered,  and  the  filtrate  evapor- 
ated to  dryness  with  the  precautions  already  stated.  The  ex- 
tract is  dissolved  in  a  very  small  quantity  of  water,  treated  with 
excess  of  powdered  bicarbonate  of  sodium  or  potassium,  and 
well  shaken  with  five  or  six  times  its  volume  of  pure  ether 
(with  perhaps  a  little  acetic  ether).  This  ethereal  liquid  con- 
tains the  alkaloid.  Small  portions  should  be  evaporated  in 
watch-gla.sses  and  tasted,  or  tested  physically  and  chemically, 
according  as  the  knowledge  of  collateral  circumstances  by  the 
operator,  or  his  experience  or  such  reactions  as  are  recorded  on 
pp.  391—399,  may  suggest. 

If  a  volatile  alkaloid  (coniine,  nicotine,  hyoscyamine,  lobe- 
line)  is  indicated,  the  ethereal  solution,  which  may  still  contain 
animal  matter,  is  removed,  agitated  with  aqueous  solution  of 
potash,  decanted,  and  shaken  with  pure  diluted  sulphuric  acid. 
On  standing,  the  aqueous  portion,  containing  the  alkaloid  as 
acid  sulphate,  subsides;  the  upper  ethereal  portion  containing 
the  animal  matter  is  rejected ;  the  acid  aqueous  liquid  is  made 
alkaline  with  caustic  potash  or  soda  ;  ether  added  ;  well  sliaken; 
the  ethereal  liquid  decanted,  evaporated  to  dryness  in  vacuo 
or  at  a  low  temperature,  and  (to  get  rid  of  all  traces  of  ammo- 
nia) again  moistened  with  ether  and  dried.  The  residue  is  now 
tested  for  the  suspected  alkaloid  by  taste,  smell,  and  the  appli- 
cation of  appropriate  reagents  (pp.  391-399). 

If  a  non-volatile  alkaloid  (aconitine,  atropine,  brucine,  col- 
chicine, emetine,  physostigmine,  solanine,  veratrine,  as  well  as 
morphine,  codeine,  and  strychnine)  is  indicated,  further  puri- 
fication is  effected  by  decanting  ethereal  liquid  from  the  lower 
aqueous  solution  of  bicarbonate  of  sodium,  removing  the  ether 
by  evaporation,  digesting  the  residue  in  alcohol,  filtering,  evajior- 


OTHER  POISONOUS  ALKALOIDS. 


501 


atinsi'  the  alcohol,  treating  the  residue  with  dilute  sulphuric  acid, 
setting  aside  for  a  few  hours,  filtering,  concentrating,  adding 
powdered  carhonate  of  potassium,  and  finally  anhydrous  alcohol. 
The  alcoholic  liquid,  on  evaporation,  yields  tlie  alkaloid  in  a  fit 
state  for  testing  in  the  manner  already  stated. 

Soimenschein^s  Proccxs. — Digest  with  diluted  hydrochloric 
acid,  evaporate  to  the  consistence  of  syrup,  dilute,  set  aside  for 
some  hours,  filter.  Add  solution  of  phosphomolybdic  acid  so 
long  as  any  precipitate  falls  or  cloudiness  occurs ;  collect  the 
precipitate  on  a  small  filter  ;  wash  it  with  water  containing 
phosphomolybdic  and  nitric  acid,  and,  while  still  moist,  place  it 
in  a  flask.  Decompose  this  compound  of  phosphomolybdic  acid 
and  alkaloid  by  adding  caustic  baryta  until  the  stirred  mixture 
is  distinctly  alkaline.  Distil  off"'  volatile  alkaloids,  condensing 
and  collecting  by  help  of  a  long  tube  so  bent  that  the  apparatus 
shall  act  as  a  retort,  the  end  of  the  tube  being  attached  to  a 
bulb  or  series  of  bulbs  containing  dilute  hydrochloric  acid. 
The  acid  liquid  evaporated  gives  a  residue  of  hydrochlorates  of 
alkaloids.  The  latter  will  afibrd  characteristic  reactions  with 
the  tests  for  the  suspected  alkaloid,  and,  on  being  moistened 
with  baryta-water  and  warmed,  will  aiford  fumes  of  volatile 
alkaloids  whose  odor  is  usually  characteristic.  The  residue  in 
the  flask  will  contain  non-volatile  alkaloids.  It  is  treated  with 
carbonic  acid  gas  to  neutralize  and  precipitate  the  excess  of 
baryta  as  insoluble  carbonate  of  barium ;  the  mixture  is  evap- 
orated to  dryness  over  a  water-bath,  and  the  residue  digested 
in  alcohol.  The  alcoholic  solution  evaporated  generally  yields 
the  alkaloids  in  a  fit  state  for  testing. 

Reagents  for  Alkaluid.i. 

Phosphomolybdic  acid  forma  with  ammonia,  in  acid  .solutions,  a 
r(Miiarkal)Iy  insoluljle  compound,  and  it  comports  itself  in  a  similar 
inanniT  with  tho.se  compounds  which  arc  analogous  to  ammonia,  the 
nitrogenizcd  organic  bases;  consequently  forming  an  excellent  re- 
agent for  their  detection.  It  may  bo  jireparcd  in  the  following 
manner:  Molyhdatc  of  ammonium  is  precii)itated  liy  phosphate 
of  Hodiinn  ;  the  yellow  precipitate,  having  Ixien  washed,  is  diifused 
through  water,  and  heated  with  sufBciiuit  carbonate  of  sodium  to 
di.ssolvc  it.  The  solution  is  then  evaporated  to  dryness,  and  cal- 
cined to  drive  off  the  ammonia.  In  case  any  of  the  moiyhdic  com- 
pound lie  reduced  by  this  operation,  the  residue  must  Ije  moistened 
with  nitric  acid  and  again  calcined.  1'iie  dry  mass  is  then  dissolved 
ni  cold  water,  the  solution  strongly  acididated  with  nitric  acid,  and 
Water  added  until  iO  parts  of  the  solution  contain  1  of  the  dry  salt. 
The  liijuid,  which  is  of  a  golden-yellow  color,  must  he  preserved  from 
animoniacal  fumes.  It  precipitates  all  tiie  alkaloids  (with  the  excep- 
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tioii  of  urea)  vvlien  a  more  trace  only  is  prescmfc.  The  precipitates 
are  yellow,  iroiierally  tlocculent,  insoluble  in  water,  aluoiiol,  otli(!r, 
and  the  dilute  mineral  auids,  with  the  exception  of  pliospiioric 
acid.  Nitric,  acetic,  and  oxalic  acids,  concentrated  and  hoilinjr, 
dissolve  them.  These  compounds  are  decomposed  by  the  alkalies, 
certain  metallic  oxides,  and  the  alkaline  salts,  which  separate  the 
alkaloid.  To  give  an  idea  of  the  sensitiveness  of  this  reatcent,  it 
may  be  stated  that  the  0.000071  gramme  of  strychnine  giv(!s  an 
appreciable  precipitate  with  one  cubic  centimetre  of  the  solution 
of'  phosphoniolyl)dic  acid. 

Piiosphoantimonic  acid  and  phosphotungstic  acid  arc  also  precip- 
itants  of  alkaloids.  The  chlorides  of  platinum,  iridium,  palladium, 
and  gold  are  occasionally  serviceable.  Tannic  acid  and  picric  acid 
may  too  be  used. 

Other  special  reagents  for  alkaloids  are  the  "  Nessler  test"  (see 
Index),  the  doul)le  ioiJide  of  potassium  and  cadmium,  and  a  solution 
of  the  double  "  Iodide  of  Bismuth  and  Potassium.''  The  latter  is 
made  (by  Thresh)  on  adding  together  1  ounce  of  Liquor  Bisiinithi, 
B.  P.,  90  grains  of  ioilide  of  potassium,  and  90  grains  of  strong 
hydrochloric  acid.  This  orange-colored  solution  gives  a  red  precip- 
itate with  dilute  cold  solutions  containing  alkaloids. 

Obscure  Poisons. — Many  substances,  the  active  principles  of  which 
ai-e  at  present  beyond  the  reach  of  the  chemical  analyst,  are  poisons 
of  a  more  or  less  active  chai'acter.  (See  the  P/mrmaceidical  Journal 
for  Sept.  6,  1879,  p.  195,  and  for  Dec.  20,  1879,  p.  481.) 

Ptomaines  are  poisonous  alkaloids  producible  from  the  human 
body  itself  after  death  during  the  ordinary  pi'ocesses  of  decay. 
But  they  are  distinguished,  according  to  Bronardel  and  Boutmy, 
by  a  drop  or  two  of  a  solution  of  their  sulphate  converting  a  drop 
of  solution  of  ferrocyanide  of  potassium  into  fei'ridcyanide,  the  mix- 
ture then  giving  a  dark-blue  precipitate  with  a  ferric  salt.  Unfor- 
tunately, some  other  substances  possess  this  converting  power. 


ANTIDOTES. 
Vide  "Antidote"  in  the  Index. 


QUESTIONS  AND  EXERCISES. 

878.  In  examining  food  and  similar  matter  for  poison,  why  must 
not  the  ordinary  tests  for  the  poison  be  at  once  ap])lied'? 

879.  What  preliminary  operations  should  be  performed  on  a  vomit 
in  a  case  of  suspected  poisoning? 

880.  How  would  you  proceed  in  searching  for  corrosive  sublimate 
in  wine  ? 

881.  By  what  series  of  operations  would  you  satisfy  yourself 
of  the  presence  or  absence  of  arsenic  in  the  contents  of  a 
stomach  ? 


MORIilD  URINE  AND  CALCULI. 
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882.  Describe  the  treatment  to  which  decoction  of  coffee  should  be 
subjected  in  testing  It  for  tartar-einetic.  . 

883.  State  the  method  by  which  tiie  occurrence  of  lead  in  water 
is  demonstrated. 

884.  (jrive  a  process  for  tiie  detection  of  copper  in  jam. 

885.  llow  would  you  detect  zinc  in  a  vomit? 

88G.  How  may  the  presence  of  a  poisonous  quantity  of  sulphuric 
acid  in  gin  be  proved  ? 

887.  In  examining  ale  for  free  nitric  acid  what  reactions  would  be 
isolected  ? 

888.  Show  how  you  would  conclude  that  a  dangerous  quantity 
of  hydrochloric  acitl  had  been  added  to  cider. 

889.  Describe  the  manipulations  necessary  in  testing  for  hydro- 
cyanic acid  in  the  contents  of  a  stomach. 

89U.  By  what  method  is  oxalic  acid  discovered  in  infusion  of 
coffee  ? 

891.  How  is  the  phosphorus  detected  in  organic  mixtures? 

892.  Give  the  process  by  which  strychnine  is  isolated  from  par- 
tially digested  food. 

893.  Mention  the  experiments  by  which  the  presence  of  laudanum 
in  porter  is  demonstrated. 

89-t.  Name  the  appropriate  antidotes  in  cases  of  poisoning  by — 
(I.  alkaloids  ;  antimonials  ;  c,  arsenic  ;  (Z,  barium  salts  ;  c,  copper 
coinpounds  ;  _/J  hydrochloric  acid  ;  (/,  hydrocyanic  acid  ;  /i,  prepara- 
tions of  lead  ;  i,  corrosive  sublimate  ;  nitric  acid  ;  /c,  oxiilic  acid  ; 
I,  salts  of  silver  ;  r«,  oil  of  vitriol ;  tin  liquors  ;  o,  zinc  solutions  ; 
p,  carbolic  acid. 


EXAMINATION  OF  MORBID  URINE  AND 

CALCULI. 

The  various  products  of  the  natural  and  continuous  decay  of 
animal  tissue  and  the  refuse  matter  of  food  are  eliminated  from  the 
svstem  cliiefly  as  faeces,  urine,  and  expired  air.  Air  exiialed  from 
tfie  lungs  carries  off  from  the  blood  much  carbon  (about  8  ounces  in 
twenty-four  hours)  in  the  form  of  carbonic  acid  gas  and  some  aque- 
ous vapor — the  latter,  together  with  a  small  amount  of  oily  nuxttcr, 
also  escaping  by  the  skin.  Directing  the  breath  to  a  cold  surface 
renders  moisture  evident,  and  breathing  througii  a  tube  into  lime- 
water  demonstrates  the  presence  of  a  consid(!ra))le  quantity  of  car- 
bonic acid  gas.  Tlie  f;cc<!s  consist  mainly  of  tiie  insoluble  ddlm's  of 
the  system,  the  solul)!*;  matters  and  water  forming  the  urine.  These 
excretions  vary  considerably  according  to  the  food  and  general 
habits  of  the  individual  and  external  temperature.  But  in  ilisease 
the  variations  become  excessive ;  their  detection  by  the  medical 
practitioner,  or  by  the  pharmacist  for  the  medical  practitioner,  is 
therefore  a  matter  of  iini)ortance. 

A  complete  analysis  of  fiiM^es,  urine,  or  expired  air  cannot  be  per- 
formed in  the  jiresent  state  of  our  knowledge.  Nor  can  (!ven  a  par- 
tial analysis  of  faeces  or  air  )jc  nuido  with  sufficient  ease  and  rapid- 
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ity  to  be  practically  available  in  medical  diagnosis.  But  with  regard 
to  urine,  ceilain  abnormal  substances  and  abnormal  quantities  of 
normal  constituents  may  be  chemically  detected  in  the  course  of  a 
few  minutes  by  any  one  having  already  some  knowledge  of  chem- 
ical manipulation. 

Healthy  human  urine  contains,  in  1000  parts,  957  of  water,  14  of 
urea,  1  of  uric  acid,  15  of  other  organic  matter,  and  13  of  inorganic 
salts.  The  amount  passed  in  twenty-four  hours  varies  from  two  to 
three  pints  in  an  adult,  and  its  specific  gravity,  if  healthy,  will 
range  from  1.015  to  1.025.  The  acidity  of  urine  Thudichum  consid- 
ers to  be  due  to  cryptophaaic  acid,  H.^jC^H^NOj. 

Examination  of  Morbid  Urine  for  Albumen,  Sugar, 
Bile,  and  Excess  of  Urea  ;  and  Urinary  Sediment 
FOR  Urates  (or  Lithates),  Phosphates,  Oxalate  of 
Calcium,  and  Uric  Acid. 

Albumen. — To  detect  albumen,  acidulate  a  portion  of  tlie 
clear  urine  in  a  test-tube  with  a  few  drops  of  acid  (to  keep 
phosphates  in  solution — nitric  is  best,  acetic  not  so  good),  and 
boil ;  flocks  or  coagula  will  separate  if  albumen  be  present. 

This  experiment  should  first  be  made  on  normal  urine  contain- 
ing a  drop  or  two  of  solution  of  white  of  egg.  The  coagulum  is 
white  if  it  is  only  albumen,  greenish  if  bile-pigment  be  present, 
and  brownish-red  if  the  urine  contain  blood.  The  influence  of 
acids  and  alkalies  on  the  precipitation  of  albumen  is  noticed  on 
page  456. 

The  occurrence  of  albumen  in  the  urine  may  be  temporary  and 
of  but  little  importance,  or  it  may  indicate  the  existence  of  a  serious 
affection  known  as  Bright's  disease. 

Sugar. — To  a  portion  of  the  clear  urine  in  a  test-tube  add 
five  or  ten  drops  of  solution  of  sulphate  of  copper;  pour  in 
solution  of  potash  or  soda  until  the  precipitate  first  formed  is 
redissolved  ;  slowly  heat  the  solution  to  near  the  boiling-point; 
a  yellow,  yellowish-red,  or  red  precipitate  (cuprous  oxide)  is 
formed  if  sugar  be  present. 

This  experiment  should  first  be  made  on  urine  containing  a  drop 
or  two  of  solution  of  grape-sugar  (page  411).  The  hydrate  of  cop- 
per precipittated  by  the  alkali  is  insoluble  in  excess  of  pure  potash 
or  soda,  but  readily  dissolves  if  organic  matter,  especially  sugar,  be 
present.    The  copper  salt  may  not  contain  iron. 

Other  tests  may  be  applied  if  necessary  {vide  pages  411  et  seq.) 

A  minute  amount  of  sugar  is  said  to  occur  in  normal  urine,  and  a 
distinct  trace  is  occasionally  present.  In  larger  quantities  (often  o 
per  cent.)  it  is  a  characteristic  constituent  of  the  urine  of  diabetic 
patients,  greatly  increasing  the  specific  gravity  of  the  excretion, 
bmall  hydrometers  (termed  urinonu'ters)  are  commonly  employed 
for  quickly  and  readily  ascertaining  the  specific  gravity  of  urine ; 
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tliey  range  from  1.000  to  1.050,  the  interval  of  1.015  to  1.025  being 
marked  as  "  II.  S."  or  healtliy  state.  (  Vide  "  Specific  Gravity  "  and 
"Hydrometers"  in  Index.) 

liile. — This  is  best  detected  by  the  general  test  (Pettenkofer's, 
or,  still  better,  Qiiinlan's)  described  on  page  464.  Or  a  little  of  the 
urine  may  be  placed  on  a  white  plate,  and  strong  nitric  acid  dropped 
on  it ;  a  peculiar  play  of  coloi's — green,  yellow,  violet,  etc. — occurs 
if  (the  coloring-matter  of)  bile  be  present  (Gmelin).  A  somewhat 
similar  iridescence  is  produced  in  the  presence  of  tire  indigo-forming 
matter  occasionally  found  in  urine. 

Excess  of  Urea. — About  one-third  of  the  solid  matter  in  the 
urine  is  urea.  Its  proportion  varies  considerably,  but  IJ  per 
cent,  may  be  regarded  as  an  average  amount.  Concentrate 
urine  slightly  by  evaporation  in  a  small  dish,  pour  the  liquid 
into  the  test-tube,  set  the  tube  aside  till  cold,  or  cool  it  by 
letting  cold  water  run  over  the  outside ;  add  an  equal  bulk  of 
strong  nitric  acid  and  again  set  aside  ;  scaly  crystals  of  nitrate 
of  urea  are  deposited  more  or  less  quickly. 

AYith  regard  to  the  amount  of  ui-ea  in  urine  it  is  impossible  to 
sharply  define  excess  or  deficiency.  If  nitric  acid  gives  crystals 
without  concentration,  excess  is  certainly  present.  A  rough  esti- 
mate may  be  formed  by  mixing  a  few  drops  of  the  urine  and  acid 
on  a  piece  of  glass  and  setting  aside ;  the  time  which  elapses  before 
crystals  form  is  an  indication  of  the  quantity  in  the  specimen.  The 
time  will  vary  according  to  the  temperature  and  state  of  moisture 
of  the  atmosphere,  but  with  care  some  useful  comparative  results 
may  in  this  way  be  obtained. 

For  methods  of  estimating  the  amount  of  urea  in  urine,  and  for 
drawings  of  the  necessary  apparatus,  vide  Journal  of  the  Chemical 
Society,  1874,  p.  749 ;  and  1877,  i.  pp.  534  and  538 ;  also  Chemical 
News,  Jan.  22,  1875. 

Tests. — Urea  in  solution  in  water  may  be  detected  by  the  above 
reaction  with  nitric  acid  and  by  the  readiness  with  which  it  yields 
ammonia  on  being  boiled  with  alkalies.  In  putrid  urine  its  convci-- 
sion  into  an  ammoniacal  salt  has  already  been  effected  by  ammo- 
niacal  fermentation. 

CII.N.O    +    211,0   =  (NIIOjCO.,. 

Urea.  Water.     Carbouato  of  amniomum. 

This  transformation  of  the  urea  into  carbonate  of  ammonium  is 
due  to  the  action  of  a  special  ferment  belonging  to  the  genus 
Tiirulacei ,  formed  of  chaplets  of  globules  similar  in  form  to,  but 
much  smaller  than,  those  of  beer-yeast.  It  occurs  as  a  white 
deposit  in  the  urine.  If  some  of  this  deposit  be  added  to  a  sac- 
charine solution  containing  urea,  it  rapidly  multiplies,  carbonate 
of  ammonium  being  formed. 

Foruuila  of  Urea. — The  empirical  formula  of  ui'ea  is  CH^NjO. 

(CO)'n 

Its  rational  formula  nuiy  be  thus  written  : —  >■      ;  that  is, 
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it  may  bo  regarded  as  one  of  the  organic  bases  already  referred  to, 
a  primary  diaiiiino,  in  which  the  liivalcnt  radical  CO  occupies  the 
place  of  11^.  The  other  atoms  of  hydrogen  may  be  displaced  by 
various  radicals,  and  many  compound  ureas  thus  lie  obtained. 

Artificial  Urea. — Urea  may  be  prepared  artificially  by  AVilliams's 
modification  of  Wohler's  method.  Cyanide  of  potassium  of  the  best 
commercial  quality  (containing  about  90  per  cent,  of  real  c^'anide) 
is  fused  at  a  very  low  red  heat  in  a  shallow  iron  vessel ;  red  lead  is 
added  in  small  quantities  at  a  time,  the  temperature  being  kept  down 
by  constant  stirring.  When  the  red  lead  ceases  to  cause  further 
action,  the  mixture  (cyanate  of  potassium  and  lead)  is  allowed  to 
cool,  the  product  finely  powdered,  exhausted  with  cold  water,  nitrate 
of  barium  added  till  no  more  precipitate  (carbonate  of  barium)  falls, 
the  mixture  filtered,  and  the  filtrate  treated  with  nitrate  of  lead  so 
long  as  cyanate  of  lead  is  thrown  down.  The  latter  is  thoroughly 
washed,  and  dried  at  a  low  temperatnre.  Equivalent  quantities  of 
cyanate  of  lead  and  sulphate  of  ammonium,  digested  in  a  small 
quantity  of  water  at  a  gentle  heat  and  filtered,  yield  a  solution  from 
which  urea  crystallizes  on  cooling. 

Another  Process. — BasarofF  has  found  that  urea  is  produced  when 
ordinary  carbonate  of  ammonium  is  heated  in  hermetically  sealed 
tubes  to  about  275°  F.  for  a  few  hours.  The  same  cliemist  had  pre- 
viously obtained  urea  by  similarly  heating  pure  carbonate  of  ammo- 
nium, so  that  the  source  of  the  urea  in  the  former  case  is  probably 
the  carbamate  of  ammonium  believed  to  occur  in  the  carbonate  (see 
p.  91). 

NH,NH.,CO,  —  H^O  CII.NjO. 

Notes. — Urinary  deposits  are  seldom  of  a  complex  character ;  the 
action  of  heat  and  acetic  and  hydrochloric  acids  generally  at  once 
indicates  the  character  of  the  deposit,  rendering  filtration  and  pre- 
cipitation unnecessary. 

The  urates  are  often  of  a  pink  or  red  color,  owing  to  the  presence 
of  a  pigment  termed  j^urpurine ;  hence  the  common  name  of  7-ed 
gravel  for  such  deposits.  Furpurine  is  soluble  in  alchol,  and  may 
be  removed  by  digesting  a  red  deposit  in  that  solvent.  It  is  seldom 
necessary  to  determine  whether  the  urate  be  that  of  ammonium,  cal- 
cium, or  sodium  (see  also  Uric  Acid,  p.  357). 

The  pJiosphate  of  calcium  and  the  ammonin-magnesium  phosphate 
are  usually  both  present  in  a  phosphatic  deposit,  the  magnesium 
salt  forming  the  larger  proportion.  They  may,  if  necessary  and  if 
sufficient  in  quantity,  be  separated  by  collecting  on  a  filter,  washing, 
and  boiling  with  solution  of  carbonate  of  sodium.  The  carbonates 
of  calcium  and  magnesium  thus  formed  are  collected  on  a  filter, 
washed,  and  dissolved  in  a  drop  or  two  of  hydrochloric  acid  ;  chlo- 
ride of  ammonium,  ammonia,  and  carbonate  of  ammonium  are 
added,  and  the  mixture  boiled  and  filtered ;  any  calcium  originally 
present  will  then  remain  insoluble  as  carbonate  of  calcium,  while 
any  magnesium  will  be  precipitated  from  the  filtrate  as  ammonio- 
niagnesium  phosphate  on  the  addition  of  phosphate  of  sodium,  the 
mixture  being  also  well  stirred.  The  chief  portion  of  excreted 
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phosphates  is  carried  off  by  tlio  feces,  that  remaining  in  the  urine 
bt'ini;  kept  in  sohition  by  the  inHuence  of"  acid  phosphate  of  sodium, 

and  i'requently  lactic  acid.  Occasionally,  an  hour  or  two  after  a 

hearty  meal,  the  urine  becomes  sufficiently  alkaline  for  the  phos- 
phates to  be  deposited,  and  the  urine  when  passed  is  turbid  from 

their  presence.  The  amnioniacal  constituent  of  the  magnesium 

salt  does  not  occur  normally,  but  is  produced  from  urea  as  soon  as 
ui'iue  becomes  alkaline. 

Urinai^y  Sediments. 
Warm  the  sediment  with  the  supernatant  urine  and  filter. 


Insoluble. 

Phosphates,  oxalate  of  calcium,  and  uric 
acid. 

Warm  with  acetic  acid,  and  filter. 


Insoluble. 

Oxalate  of  calcium  ana  uric 
acid. 

Warm  with  hydrochloric 
acid,  filter. 


Insoluble. 

Uric  acid. 

Apply  mu- 
rexid  test  (p. 
358). 


Soluble. 

Oxalate  of 
calcium. 

May  be  pre- 
cipitated by 
ammonia. 


Soluble. 

Phosphates. 

Add  ammo- 
nia, white  ppt. 
^phosphate 
of  calcium,  or 
ammonio-mag- 
nesium  phos- 
phate, or  both. 


Soluble. 

Urates — of  ammon  ium , 
calcium,  or  sodium, 
chiefly  the  latter. 

They  are  redeposited 
as  the  liquid  cools,  and 
if  sufficient  in  quantity 
may  be  further  exam- 
ined for  ammonium, 
calcium,  sodium,  and 
the  uric  radical  by  the 
apiDvopriate  tests. 


Oxalale  of  calcium  is  seldom  met  with  in  excessive  amounts,  but 
very  often  in  small  quantities  mixed  with  phosphates. 

In  one  case  of  oxaluria  the  whole  urine  excreted  by  a  patient  in 
twenty-four  hours  furnished  to  the  author  only  two-thirds  of  a  grain 
of  oxalate  of  calcium. 

Free  uric  acid  is  in  most  cases  distinctly  crystalline,  and  nearly 
always  of  a  yellow,  red,  or  In-own  color. 

Artificial  Sediments. — For  educational  practice  artificial  deposits 
may  be  obtained  as  follows  : — 1.  Jlub  u|)  in  a  mortar  a  few  grains  of 
serpent's  excrement  (cliicfly  urate  of  ammonium)  with  an  ounce  or 
two  of  urine ;  this  represents  a  sediment  of  urates.  2.  Add  a  few 
drops  of  solution  of  chloride  of  calcium  and  of  phosphate  of  sodium 
to  urine;  the  deposit  may  be  rcigarded  as  one;  of  phosphates.  To 
an  ()un(;e  or  tv/o  of  urine  aild  very  small  quantities  of  chloride  of 
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calcium  and  oxalate  of  ammonium ;  the  precipitate  is  oxalate  of  cal- 
cium. 4.  To  urine  acidulated  by  hydrochloric  acid  add  a  little  ser- 
pent's excrement ;  the  sediment  is  uric;  acid. 

Other  deposits  than  the  foregoing  are  occasionally  observed.  Thus 
Tiippuric  acid  (lICgH^NO.,),  a  normal  constituent  of  human  urine, 
and  lai'gely  contained  in  tlie  urine  of  herhivorous  animals,  is  some- 
times found  associated  with  uric  acid  in  urinai-y  sediment,  especially 
in  that  of  patients  whose  medicine  contains  benzoic  acid  (p.  333). 
Its  appearance,  as  observed  by  the  aid  of  the  microscope,  is  charac- 
teristic— namely,  slender,  four-sided  prisms,  having  pointed  ends. 
C'l/stin  (C3H7HSO.,)  (from  kvotk;,  Icustis,  a  bladder,  in  allusion  to  its 
origin)  rarely  occurs  as  a  deposit  in  urine.  It  is  not  soluble  in 
warm  urine  or  dilute  acetic  acid,  and  scarcel}^  in  dilute  hydrochloric 
acid,  hence  would  be  met  with  in  testing  for  free  uric  acid.  It  is 
very  soluble  in  ammonia,  rccrystallizing  from  a  drop  of  the  solu- 
tion placed  on  a  piece  of  glass  in  characteristic  microscopic  six- 
sided  plates.  Organized  sediments  may  be  due  to  the  corpuscles 
of  pus,  mucus,  or  blood,  fat-globules,  spermatozoa,  cjdindrical  casts 
of  the  tubes  of  the  kidneys,  epithelial  cells  from  the  walls  of  the 
bladder,  or  foreign  matters,  such  as  fibres  of  wood,  cotton,  small 
feathers,  dust,  starch ;  these  are  best  recognized  by  the  microscope, 
as  will  be  seen  by  the  following  paragraphs  and  figures  on  the 
microscopic  appearances  of  both  crystalline  and  organized  urinary 
sediments. 

Microscopic  Exajiination  of  Urinary  Sediments. 

Urine  containing  insoluble  matter  is  usually  more  or  less  oparpio. 
For  a  mici'oscopical  examination  a  few  ounces  should  be  set  aside  in 
a  conical  test-glass  for  an  hour  or  two,  the  clear  supernatant  urine 
poured  off  from  the  sediment  as  far  as  possible,  a  small  drop  of  the 
residue  placed  on  a  slip  of  glass  and  covered  with  a  piece  of  thin 
glass,  and  examined  under  the  microscope  with  different  magnifying 
powers. 

[The  respective  appearances  of  the  various  crystalline  and  or- 
ganized matters  are  given  in  the  following  figures,  which  were 
kindly  drawn  by  II.  B.  Brady,  F.  R.  S.,  from  natural  specimens  (as 
seen  with  a  two-third  inch  objective  and  No.  1  eye-piece — /.  e.,  mag- 
nified 60  diameters)  in  the  collections  of  f^t.  Bartholomew's  Hos- 
pital, Dr.  Sedgwick,  AV.  W.  Stoddart,  F.  C.  S.,  :\Ir.  Waddington,  and 
the  author.] 

Uric  Acid  occurs  in  many  forms,  most  of  which  are  given  in  the 
first  two  figures.  Flat,  more  or  less  oval  crystals,  sometimes  at- 
tached to  each  other,  their  outline  then  resembling  an  8,  a  cross,  or 
a  star,  are  common.  Single  and  grouped  quadratic  prisms,  aigrettes, 
spicula,  and  ci-ystals  recalling  (lumli-])ells  are  met  with.  From  urine 
acidulated  by  hydrochloric  acid  square  crystals,  two  opjiosite  sides 
smooth  and  two  jagged,  are  generally  deposited;  acidulated  by 
acetic  acid,  more  tyi)ical  forms  are  obtained.  A  drop  of  solution 
of  potash  or  soda  placed  on  a  glass  slip  will  dissolve  a  deposit  of 
uric  acid,  a  drop  of  any  acid  reprecipitating  it  in  minute  but  charac- 
teristic crystals. 
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Ci/s(in  is  very  rarely  mot  with  us  a  urinary  deposit ;  that  from 
which  tiie  figure  was  taivon  was  found  in  tlie  urine  of  a  patient  in 
St.  Bartholomew's  Hospital.  L.amellae  of  cystin  always  assume  an 
hexagonal  character,  but  the  angles  ai"e  sometimes  ill  defined  and 
the  jilatos  superposed;  in  the  latter  case,  a  drop  of  solution  of  am- 
monia placed  on  the  glass  at  once  dissolves  the  deposit,  well-marked 
six-sided  crystals  appearing  as  the  drop  dries  up. 


Fig.  50.  Fig.  51. 


Uric  Acid.  ,        Uric  Acid. 


Triple  Phosphate  (phosphate  of  magnesium  and  ammonium)  is 
deposited  as  soon  as  urine  becomes  alkaline,  the  ammoniacal  con- 
stituent being  furnished  by  the  decomposition  of  urea.    It  occurs 


Fig.  52.  Fig.  53. 


Cystin.  Triple  Pliosphatu. 


in  largo  prismatic  crystals,  forming  a  l)eautiful  object  when  viewed 
by  polarized  light;  somcitinuis  also  in  ragged  sttillate  or  arbor(\s(H>nt 
crystals  resembling  those  of  snow.    Both  forms  may  be  artificially 
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prepared  by  adding  a  small  lump  of  carbonate  of  ammonium  to  a 
lew  ounces  of  urine  and  setting  aside  in  a  test-glass. 

Amor^ihous  deposilH  are  either  earthy  phosjjhales  (a  mixture  of 
phosphates  of  magnesium  and  calcium)  or  urales  (of  calcium,  mag- 
nesium, ammonium,  potassium,  or  sodium — chiefly  the  latter).  Tliey 
may  be  distinguished  by  the  action  of  a  drop  of  acetic  acid  placed 
near  the  sediment  on  the  glass  slip,  the  effect  being  Avatched  under 
the  microscope ;  phosphates  dissolve,  while  urates  gradually  assume 
characteristic  forms  of  uric  acid.  Urates  redissolve  when  warmed 
with  the  supernatant  urine. 

Urales  of  Sodium  and  Magnesium,  though  generally  amorphous, 
occasionally  take  a  crystalline  form — bundles  or  tufts  of  small 
needles — as  shown  in  the  cut. 

Oxalate  of  Calcium  commonly  occurs  in  octahedra  requiring  high 
magnifying-power  for  their  detection.  The  crj'stals  are  easih'  over- 
looked if  other  matters  are  present,  but  are  more  distinctly  seen  after 
phosphates  have  been  removed  by  acetic  acid.  In  certain  aspects  the 
smaller  ci-ystals  look  like  square  plates  traversed  by  a  cross.  A 
dumb-bell  form  of  this  dej)Osit  is  also  sometimes  seen,  resembling 
certain  forms  of  uric  acid  and  the  coalescing  spherules  of  a  much 
rarer  sediment,  carbonate  of  calcium.  Oxalate  of  calcium  is  insol- 
uble in  acetic,  but  soluble  in  hydrochloric,  acid.  The  octahedra  are 
frequently  met  with  in  the  urine  of  persons  who  have  partaken  of 
garden  rhubarb  ;  the  crystals  may  often  be  deposited  artificially  (ac- 
cording to  Waddington)  by  dropping  a  fragment  of  oxalic  acid  into 
several  ounces  of  urine  and  setting  aside  for  several  hours. 


Fig.  54.  Fig.  55. 


Urates.         "I  Oxiilute  of  Calcium.   |  Carbonate  of  Ciiltiiim.     Iliiiiniric  Acid. 
a,  of  Sodium ;  >■ 
h,  of  Maguesium.  J 

Carbonate  of  Calcium  is  rarely  found  in  the  urine  of  man,  luit 
fr(!qnently  in  that  of  the  horse  and  other  herbivoi-ous  animals.  Hu- 
man urine  containing  carl)onate  of  calcium  often  reddens  litmus- 
paper  ;  and  it  is  only  after  the  removal,  on  standing,  of  the  excess  of 
carbonic  acid  that  the  salt  is  deposited.  It  consists  of  minute  spher- 
ules, varying  in  size,  the  smaller  ones  often  in  process  of  coalescence. 
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The  (luiub-bell  form  thus  produced  is  easily  distinguished  from  simi- 
hir  irroups  of  uric  acid  or  oxalate  of  calcium  by  showing  a  black 
cross  in  each  spherule  when  viewed  by  polarized  light.  Acetic  acid 
dissolves  carbonate  of  calcium,  liberating  carbonic  acid  gas,  with 
A'isiblc  otfervescenco  (under  the  microscope)  if  the  slide  has  been  pre- 
viously warmed  and  a  group  of  crystals  be  attacked. 

Hippuric  Acid. — The  pointed  rhombic  prisms  and  acicular  crys- 
tals are  characteristic  and  easily  recognized.  The  broader  crystals 
may  possibly  be  mistaken  for  triple  phosphate,  and  the  narrower  for 
certain  forms  of  uric  acid ;  but  insolubility  in  acetic  acid  distin- 
guishes them  from  the  former,  and  solubility  in  alcohol  from  the 
latter.  These  tests  may  be  applied  while  the  deposit  is  under 
microscopic  observation.  An  alcoholic  solution  of  hippuric  acid 
evaporated  to  di-yness,  and  the  residue  treated  with  water,  gives  a 
solution  from  which  characteristic  crystalline  forms  of  hippuric  acid 
may  be  obtained  on  allowing  a  drop  to  dry  upon  a  slip  of  glass. 

The  organized  deposits  in  urine  entail  greater  care  in  their  deter- 
mination, and  usually  require  a  higher  magnifying-power  for  their 
proper  examination,  than  those  of  crystalline  form.  The  figures  are 
drawn  to  230  diameters.  The  following  notes  will  assist  the  observer : — 

Casts  of  uriniferous  tuhuli  are  fibrinous  masses  of  various  forms, 
and  often  of  considerable  length — sometimes  delicate  and  trans- 
parent, occasionally  granular,  and  often  beset  with  fat-globules. 
Epithelial  debris  are  frequently  present  in  urine  in  the  form  of 
nucleated  cells,  regular  and  oval  when  full,  but  angular  and  un- 
symmetrical  when  partially  emptied  of  their  contents — sometimes 
perfect,  but  more  frequently  a  good  deal  broken  up. 


Fig.  56.  Fig.  57. 


Epitlielial  CeUa  aud  Tubuli.  Bluod-Curpusclua. 


Blond  is  easily  recognized.  Urine  containing  it  is  high-coloi'ed, 
and  the  corpuscles  appear  under  the  microscope  as  reddish  circular 
disks,  either  single  or  laiil  together  in  strings  resembling  piles  of 
coin.  Their  color  and  sometimes  smaller  size  serve  to  distinguish 
them  from  pns-corpusclcs.  In  doubtful  cases  a  minute  drop  of 
blood  taken  from  a  finger  by  help  of  a  needle  should  bo  diluted 
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with  water  and  used  for  comparison.  After  urine  containing  blood 
has  stood  for  some  time  the  corpuscles  lose  their  regular  outline  and 
become  angular.  (See  a  in  the  figure.)  Day,  of  Gcelong,  tests  for 
blood  in  urine  or  in  stains  on  clothing  by  adding  a  few  drops  of  a 
recently-prepared  alcoholic  solution  of  the  inner  unoxidized  portions 
of  guaiacum  resin,  and  then  a  small  quantity  of  Robljins's  aqueous  or 
ethereal  solution  of  peroxide  of  hydiogen,  when  a  blue  color  results. 
"  If  the  stain  is  on  a  dark-colored  fabric,  the  moistened  parts  may  be 
pressed  with  white  blotting-paper,  when  blue  impressions  will  be  ob- 
tained. Contact  with  many  substances  causes  the  blue  reaction  or 
oxidation  of  guaiacum  ;  the  peculiarity  of  blood  is  that  it  does  not 
produce  this  efiect  unless  peroxide  of  hydrogen  or  a  similar  '  anto- 
zonic'  liquid  is  present.  Bodies  such  as  permanganate  of  potassium, 
whose  oxygen  is,  apparently,  in  the  form  of  ozone,  also  give  rise  to 
a  blue  color  with  guaiacum  ;  peroxide  of  hydrogen  and  other  com- 
pounds whose  oxygen  is  in  the  opposite,  positive,  or,  according  to 
8chbnbein,  antagonistic  condition,  produce  no  such  effect.  It  would 
seem  as  if  blood  or  some  other  constituent  of  blood  has  the  power 
of  converting  positive  into  negative  oxygen,  and  thus  bring  about 
an  effect  which  negative  oxygen  alone  is  able  to  produce  ;  for  of  all 
substances  which,  like  blood,  do  not  alone  cause  guaiacum  to  become 
blue,  blood  is  the  only  one  that  so  affects  '  antozonides'  (themselves 
inactive)  as  to  enable  them  to  act  as  ozonides — that  is,  to  oxidize  the 
guaiacum.  Both  the  venous  and  arterial  fluid  from  any  red-blooded 
anunal  will  produce  this  blue  reaction.  Fruit-stains  are  darkened 
by  ammonia,  which  does  not  alter  the  color  of  blood.  Iron-stains 
or  iron-mould  yields  no  color  to  water,  whereas  the  red  coloring-mat- 
ter of  blood  is  soluble  in  water.  The  peroxide  of  hydrogen  should 
be  free  from  more  than  a  trace  of  acid." 

The  blood-corpuscles  of  ordinary  animals  are  much  smaller  than 

those  of  man,  but  a  j^^y  or  ^  of 

for 
G. 

llichardson). 

Pus  and  Mucus.  —  Purulent 
urine  deposits,  on  standing,  a 
light-colored  layer,  easily  dif- 
fused through  the  liquid  liy 
shaking.  Acetic  acid  does  not 
dissolve  the  sediment,  and  so- 
lution of  potash,  of  official 
strength,  converts  it  into  a 
gelatinous  mass.  Under  the 
microscope,  pus-corpuscles  ap- 
pear rounded  and  colorless, 
rather  larger  than  blood-disks, 
and  somewhat  granular  on  the 
surface.  They  generally  show 
minute  nuclei,  which  are  more 
distinctly  seen  after  treatment  with  acetic  acid.  (See  the  portion  of 
the  figure  marked  a.)    Mucus  possesses  no  definite  microscopic  cha- 


an 


inch  lens  is  necessary 
proper    differentiation  (J. 


Pus-Corpuscles. 
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racters,  but  commonly  has  imbedded  in  it  pus,  epithelium,  and  air- 
bubbles.  Mucus  is  coaijulated  in  a  ])eculiar  and  (diaraeteristic  manner 
by  acetic  acid  ;  and  this  reaction,  together  with  the  ropy  .appear- 
ance it  imparts  to  urine,  prevents  its  being  confounded  with  pus. 
Day's  test  for  pus  consists  in  adding  a  drop  or  two  of  oxidized 
tincture  of  guaiacum  to  the  urine  or  other  liquid,  when  a  clear  blue 
color  is  produced.  It  is  necessary  to  moisten  dry  pus  with  water 
before  applying  the  test.  The 

test-liquid  is  made  by  exposing  Fig.  59. 

a  saturated  alcoholic  solution  of 
guaiacum  to  the  air  until  it  has 
absorbed  a  sufficient  quantity  of 
oxygen  to  give  it  the  property 
of  turning  green  when  placed 
in  contact  with  iodide  of  potas- 
sium. Day's  test  for  mucus 
consists  in  the  application,  first, 
of  oxidized  tincture  of  guaiac- 
um, which  by  itself  undergoes 
no  change  in  the  presence  of 
mucus,  and  then  in  the  addition 
of  carbolic  acid  or  creasote, 
which  quickly  changes  the  color 
of  the  guaiacum  to  a  bright 
blue.  IVeither  carbolic  acid 
nor  creasote  alone  will  render 

guaiacum  blue.  In  testing  for  mucus  on  cloths  or  when  it  is  mixed 
with  blood,  it  is  necessary  to  use  the  carbolic  acid  pure,  but  when 
the  mucus  is  in  a  liquid  state  it  is  better  to  use  carbolic  acid  diluted 
with  alcohol. 

Haliva. — Saliva  is  an  aqueous  fluid  containing  less  than  1  per 


Fat-GIobuleg. 


Fig.  60. 


Fig.  61. 


Siircina  voiitriculi. 


Spenimtoxoa. 

cent,  of  solid  matter,  of  which  one-third  is  an  albumenoid  substance 
termed  ptijalin  (from  7rr{/eAov,  spittle),  a  body  that  has  power  of  con- 
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verting  starch  into  dextrin  and  grape-sugar.  Alkaline  salts,  includ- 
ing a  trace  of  sulphocyanate  of  potassium,  and  calcareous  compounds 
are  also  present. 

Day's  test  for  saliva  in  urine,  etc.  is  similar  to  that  for  mucus, 
w^ith  the  exception  that  the  blue  reaction  produced  by  the  oxidized 
tincture  of  guaiaoum  and  alcoholic  solution  of  carbolic  acid  is  highly 
intensified  by  the  addition  of  Robbins's  aqueous  or  ethereal  solution 
of  peroxide  of  hydrogen. 

Fatty  matter  occurs  either  as  minute  globules  partially  diffused 
through  the  urine  (as  shown  at  a,  Fig.  59)  or  in  more  intimate  emul- 
sion (as  at  b).  When  present  in  larger  quantity  it  collects  as  a  sort 
of  scum  on  the  surface  after  standing. 

Spermatozoa  are  liable  to  escape  notice  on  account  of  their  small 
size  and  extreme  transparency.  Suspected  urine  should  be  allowed 
to  settle  some  hours  in  a  conical  test-glass,  and  the  drop  at  the  bot- 
tom examined  under  a  high  power.  The  drawing  (Fig.  60)  shows 
their  tadpole-like  appearance.  j 

Sarcina  ventriculi  is  an  alga  of  a  very  rare  occurrence  in  urine, 
though  not  unfrequeut  in  the  matters  vomited  during  certain  dis- 
eases of  the  stomach.  The  upper  figures  {a,  Fig.  61)  are  copied 
from  Dr.  Thudichum's  drawing  (from  urine)  ;  the  larger  fronds  (/;) 
are  from  v^omited  matter. 

Extraneous  bodies,  such  as  hair,  wool,  or  fragments  of  feathers, 
are  often  found  in  urinary  deposits,  and  ludicrous  mistakes  have 
been  made  by  observers  not  on  their  guard  in  respect  to  such  casual 
admixtures. 

Examination  of  Urinary  Calculi. 

The  term  calculus  is  the  diminutive  of  calx,  a  lime-  or  chalk- 
stone. 

Knowledge  of  the  composition  of  a  calculus  or  urinary  deposit 
affords  valuable  diagnostic  aid  to  the  physician  ;  hence  the  import- 
ance of  a  correct  analysis  of  these  substances. 

Nature  of  Calculi. — Urinary  calculi  have  the  same  composition 
as  unorganized  urinary  sediments.  They  consist,  in  short,  of  sedi- 
ments that  have  been  deposited  slowly  within  the  bladder,  particle 
on  particle,  layer  on  layer,  the  several  substances  becoming  so  com- 
pact as  to  be  less  easily  acted  on  by  reagents  than  when  deposited 
after  the  urine  has  been  passed — the  urates  less  readily  soluble  in 
warm  water,  the  calcic  phosphate  insoluble  in  acetic  acid  until  it 
has  been  dissolved  in  hydrochloric  acid  and  rcprecipitated  by  an 
alkali. 

Preliminary  Treatment. — If  the  calculus  is  whole,  saw  it  in  two 
through  the  centre,  and  notice  whether  it  is  built  up  of  distinct 
layers  or  apparently  consists  of  one  substance.  If  the  latter,  use 
about  a  grain  of  the  sawdust  for  the  analysis ;  if  the  former,  care- 
fully scrape  off  portions  of  each  layer  and  examine  them  separately. 
If  the  calculus  is  in  fragments,  select  fair  specimens  of  about  half 
a  grain  or  a  grain  each,  and  reduce  to  a  fine  powder  by  placing  on 
a  hard  surfixce  and  crushing  under  the  blade  of  a  knife. 
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Anafi/sis. — Commence  the  analysis  by  heating  a  portion, 
about  the  size  of  a  pin's  head,  on  platinum  foil,  in  order  to 
ascertain  whether  organic  matter,  inorganic  matter,  or  both  are 
present.  If  both,  the  ash  is  examined  for  inorganic  substances, 
and  a  fresh  portion  of  the  calculus  for  uric  acid  by  the  murexid 
test.  (In  the  absence  of  uric  acid  any  slight  charring  may  be 
considered  to  be  due  to  indefinite  animal  matter.)  If  composed 
of  organic  matter  only,  the  calculus  will  in  nearly  all  cases  be 
uric  acid,  the  indications  being  confirmed  by  applying  the  mu- 
rexid test,  in  a  watch-glass,  to  another  fragment  half  the  size 
of  a  small  pin's  head.  If  inorganic  only,  the  ash  on  the  plati- 
num foil  may  be  examined  for  phosphates,  and  a  separate  por- 
tion of  the  calculus  for  oxalates.  Even  a  single  drop  of  liquid 
obtained  in  any  of  these  experiments  may  be  filtered  by  placing 
it  on  a  filter  not  larger  than  a  sixpence  and  previously  moist- 
ened with  water,  and  adding  three  or  four  drops  of  water  one 
after  the  other  as  each  passes  through  the  paper.  If  the  cal- 
culus is  suspected  to  contain  more  than  one  substance,  boil 
about  half  a  grain  of  the  powder  in  half  a  test-tubeful  of  dis- 
tilled water  for  a  few  minutes,  and  pour  it  on  a  small  filter ; 
then  proceed  according  to  the  following  Table : — 


Insoluble. 

Phosphates,  oxalate  of  calcium,  and  free 
uric  acid. 

Boil  with  two  or  three  drops  of  hydrochloric 
acid,  and  filter. 


Insoluble. 

Uric  acid. 
Apply  tlie 

murexid 
test 

(p.  358). 


Soluble. 

Phosphates  and  oxalate  of 
calcium. 

Add  excess  of  ammonia,  and  then 
excess  of  acetic  acid  ;  filter. 


Insoluble. 

Oxalate  of 
calcium. 


Soluble. 

Phosphates. 
They  may  ))c  ropre- 
cipitated  by  animonia. 


Soluble. 

Urates. 
These  will  prob- 
ably be  redepos- 
ited  as  the  solution 
cools.  Small  quan- 
tities may  be  de- 
tected by  evaporat- 
ing the  solution  to 
dryness.  They  are 
tested  for  ammo- 
nium, sodium,  cal- 
cium, and  the  uric 
radical  by  the  ap- 
propriate reagents. 


Varieties  of  Calculi. — Calculi  composed  entirely  of  uric  acid  are 
common ;  a  minute  portion  heated  on  platinum  foil  cliars,  burns, 
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and  leaves  scarcely  a  trace  of  ash.  The  phosphates  frequently 
occur  together,  forming  what  is  known  as  the  J'anible  culculun  from 
the  readiness  with  which  a  fragment  aggregates,  and  even  fuses  to 
a  bead,  when  heated  on  a  loop  of  platinum  wire  in  the  blowpipe- 
flame.  The  phosphates  may,  if  necessary,  be  further  examined  by 
■the  method  described  in  connection  with  urinary  deposits.  Oxalate 
of  calcium  often  occurs  alone,  forming  a  dark-colored  calculus  hav- 
ing a  very  rough  surface,  hence  termed  the  mulherri/  calculus. 
Smaller  calculi  of  the  same  suljstance  are  called,  from  their  appear- 
ance, hempsced  calculi.  Calculi  of  cystin  are  rarely  met  with. 
Xanthin  (from  ^avObc,  xanthos,  yellow,  in  alhision  to  the  color  it 
yields  watli  nitric  acid)  less  often  occurs  as  a  calculus.  The  earthy 
concretions,  or  chalk-stones,  which  frequently  form  in  the  joints  of 
gouty  persons  are  composed  chiefly  of  urates,  the  sodium  salt  being 
that  most  commonly  met  with.  Gall-stones,  or  hiliary  calculi,  occa- 
sionally form  in  the  gall-bladder ;  they  contain  cholesferin  (from 
Xo?i//,  c/wle,  bile,  and  arepebg,  stereos,  solid),  a  fatty  substance  of 
alcoholoid  constitution,  soluble  in  rectified  spirit  or  ether,  and  crys- 
tallizing from  such  solutions  in  well-defined,  square,  scaly  crystals. 
Phosphatic  and  other  calculi  of  many  pounds  weight  are  occasion- 
ally I'ound  in  the  stomach  and  larger  intestines  of  animals. 


QUESTIONS  AND  EXERCISES. 

895.  In  breathing,  how  much  carbon  (in  the  form  of  carbonic  acid 
gas)  is  exhaled  from  the  lungs  every  24  hours? 

896.  How  may  the  presence  of  carbonic  acid  gas  in  expired  air  be 
demonstrated  ? 

897.  Mention  an  experiment  showing  the  escape  of  moisture  from 
the  lungs  during  breathing. 

898.  State  the  method  of  testing  for  albumen  in  urine. 

899.  Give  the  tests  for  sugar  in  urine. 

900.  What  is  the  average  composition  of  health}'  urine? 

901.  Give  the  tests  for  urea. 

902.  Write  the  rational  formulas  of  some  compound  urc.is  in 
which  methyl  or  ethyl  displaces  hydrogen. 

903.  Describe  an  artificial  process  for  the  production  of  urea, 
giving  equations. 

904.  Sketch  out  a  plan  for  the  chemical  examination  of  urinary 
sediments. 

905.  A  deposit  is  insoluble  in  the  supernatant  urine  or  in  acetic 
acid;  of  what  substance  may  it  consist? 

906.  Which  compounds  are  indicated  when  a  deposit  redissolvcs 
on  warming  it  with  the  supernatant  urine? 

907.  Name  the  salts  insoluble  in  warmed  urine,  but  dissolved  on 
the  addition  of  acetic  acid. 

908.  Mention  the  chemical  characters  of  cystin.  At  what  stage 
of  analysis  would  it  be  recognized? 
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909.  Describe  the  microscopical 
urinary  deposits : — 

Uric  acid. 
*  Cystin. 

Triple  phosphate. 
Earthy  phosphates. 
Urates. 

Oxalate  of  Calcium. 
Carbonate  of  Calcium. 
Hippuric  Acid. 

Extraneous  I 


appearance  of  the  following 

Tube-casts. 

Epithelial  debris. 

Blood. 

Pus. 

Mucus. 

Fat. 

Spermatozoa. 
Sarcina. 


910  How  are  Day's  tests  for  blood,  pus,  and  saliva  applied? 
9]  1.  What  is  the  general,  physical,  and  chemical  nature  of  urinary 
calculi  ? 

912.  How  are  urinary  calculi  prepared  for  chemical  examination? 

913.  Draw  out  a  chart  for  the  chemical  examination  of  urinary 
calculi. 

914.  Why  is  the  "  fusible  calculus "  so  called  ?  and  what  is  its 
composition  ? 

91.5.  State  the  characters  of  "mulberry"  and  "hempseed" 
calculi. 

916.  AVhat  are  the  "chalk-stones"  of  gout,  and  "gall-stones" 
or  "biliary  calculi"? 


THE  GALENICAL  PREPAEATIONS  OF  THE 
PHARMACOPCEIAS. 

The  preparation  of  Abstracts,  Cerates,  Confections,  Decoc- 
tions, Elixirs,  Enemas,  Extracts,  Glycerins,  Infusions,  Inhala- 
tions, Juices,  Liniments,  Lozenges  or  Troches,  Mixtures,  Oint- 
ments, Pills,  Plasters,  Poultices,  Powders,  Spirits,  Suppositories, 
Syrups,  Tinctures,  Triturations,  and  Wines  includes  a  number 
of  mechanical  rather  than  chemical  operations,  and  belongs  to 
the  domain  of  pure  Pharmacy.  The  medical  or  pharmaceutical 
pupil  will  have  had  ample  opportunity  of  practically  studying 
those  compounds  before  working  at  experimental  chemistry,  and 
will  probably  have  prepared  many  of  them  according  to  the 
directions  of  the  Pharmacopoeias ;  if  not,  lie  is  referred  to  the 
pages  of  the  last  edition  of  those  works  for  details. 

Among  the  extracts  of  the  British  Pliarmaco])a!ia,  however, 
there  are  five  (namely,  tho.se  of  Aconite,  Belladonna,  Hemlock, 
Henbane,  and  Lettuce)  which  arc  not  simply  evaporated  infii- 
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sions,  decoctions,  or  tinctures,  like  most  others,  but  are  evapor- 
ated juices  from  which  vegetable  albumen,  the  supposed  source 
of  fermentation  and  decay,  has  been  removed,  and  chlorophyll 
(the  green  coloring-mater  of  plant-juice)  retained,  practically 
unimpaired  in  tint.  For  educational  practice  either  of  the 
above-named  five  raw  materials  may  be  employed  ;  but  in  order 
that  attention  may  be  concentrated  on  the  jjrocess  by  which 
the  extracts  are  prepared,  rather  than  on  any  one  of  the  ex- 
tracts themselves,  it  suffices  to  make  an  extract  of  some  ordi- 
nary green  vegetable,  such  as  cabbage  or  turnip-tops.  Bruise 
the  green  leaves  of  a  good-sized  cabbage  in  a  mortar,  and  press 
out  the  juice:  heat  it  gradually  to  130°  F.,  and  remove  the 
green  flocks  of  chlorophyll  which  separate,  by  filtration  through 
calico.  When  the  liquor  has  all  passed  through  the  filter,  set 
the  chlorophyll  aside  for  a  time,  heat  the  strained  liquor  to 
200°  F.  to  coagulate  albumen  ;  remove  the  latter  by  filtration 
and  throw  it  away ;  evaporate  the  filtrate  by  a  water-bath  to 
the  consistence  of  thin  syrup ;  then  add  to  it  the  chlorophyll, 
and,  stirring  the  whole  together  assiduously,  continue  the 
evaporation  at  a  temperature  not  exceeding  140°  F.  until  the 
extract  is  of  a  suitable  consistence  for  forming  pills.  A  higher 
temperature  than  that  indicated  would  cause  the  alteration  of 
the  chlorophyll  to  a  dark-brown  substance,  any  such  extract 
used  in  pharmacy  no  longer  having  the  green  tint  which  cus- 
tom and  the  British  Pharmacoposia  demand. 


QUESTIONS  AND  EXERCISES. 

917.  Enumerate  the  different  classes  into  which  official  galenical 
preparations  may  be  divided. 

918.  Describe  the  general  process  for  the  pi-eparation  of  green 
extracts : — 

Aconite.  Hemlock. 
Belladonna.  Henbane. 
Lettuce. 

919.  Why  is  vegetable  albumen  excluded  in  the  preparation  of 

green  extracts? 

920.  How  may  chloi'ophyll  ho  removed  from  vegetable  juices,  and 
again  be  introduced  into  their  evaporated  residues,  without  destroy- 
ing its  color? 

921.  For  what  reason  is  exposure  of  chlorophyll  to  a  boiling  tnn- 
peraturo  avoided  in  the  nuxnufacturo  of  green  extracts? 
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THE  CHEMICAL  PREPARATIONS  OF  THE 
PHARMACOPCEIAS. 

The  process  by  which  every  official  chemical  svibstance  is 
prepared  has  already  been  described,  and  the  strict  chemical 
character  of  the  processes  illustrated  by  experiments  and  ex- 
plained by  aid  of  equations.  Should  the  reader,  in  addition, 
desire  an  intimate  acquaintance  with  those  details  of  manipu- 
lation on  which  the  successful  and  economic  manufacture  of 
chemical  substances  depends,  he  is  advised  to  prepare,  if  he 
has  not  done  so  already,  a  few  ounces  of  each  of  the  salts  men- 
tioned in  the  Pharmacopoeias  or  commonly  used  in  Pharmacy. 
An  additional  guide  in  these  operations  will  be  the  Pharmaco- 
poeia itself. 

The  production  of  many  chemical  and  galenical  substances 
on  a  commercial  scale  can  only  be  successfully  carried  on  in 
manufacturing  laboratories  and  with  some  knowledge  of  the 
circumstances  of  supply  and  demand,  value  of  raw  material  and 
of  by-products,  etc. ;  for  the  technical  preparation  of  such  sub- 
stances requires  much  knowledge  beyond  even  a  thorough 
acquaintance  with  Chemistry.  Still,  in  the  present  day,  com- 
mercial Chemistry  and  Pharmacy  can  best  hope  for  success 
when  founded  on  the  working  out  of  abstract  scientific  princi- 
ples. The  problem  of  manufacturing  success  is  now  only  solved 
with  certainty  by  sound  and  wisely-applied  science. 


Memormu/vm . — The  next  subject  of  experimental  study  will 
he  determined  by  the  nature  of  the  student's  future  pursuits. 
Tn  most  cases  the  operations  of  quantitative  analysis  will  engage 
attention.  These  should  be  of  a  volumetric  and  gravimetric 
character ;  for  details  concerning  them  see  the  following  pages. 


QUANTITATIVE  ANALYSIS. 

INTRODUCTORY  REMARKS. 

General  Principles. — The  proportions  in  which  chemical  Ruh- 
stance.s  unite  with  each  otlier  in  forming  compounds  am  definite 
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and  invariable  (p.  47).  Quantitative  analysis  is  based  on  this  law. 
When,  for  example,  aqueous  solutions  of  a  salt  of  silver  and  a  ciilo- 
ridc  ai'e  mi.\ed,  a  white  curdy  preci[)itate  is  produced  containing 
chlorine  and  silver  in  atomic  proportions;  that  is,  35.4  parts  of  chlo- 
rine to  107.7  of  silver.  No  matter  what  the  chloride  or  what  the 
salt  of  silver,  the  resulting  chloride  of  silver  is  invariable  in  compo- 
sition. The  formula  AgCl  is  a  convenient  picture  of  this  compound 
in  these  proportions.  The  weight  of  a  definite  compound  being 
given,  therefore,  the  proportional  amounts  of  its  constituents  can 
be  ascertained  by  simple  calculation.  Suppose,  for  instance,  8.-53 
parts  of  chloride  of  silver  have  been  obtained  in  some  analytical 
operation;  this  amount  will  contain  2.11  parts  of  chlorine  and  6.42 
of  silver;  for  if  143.1  (the  molecular  weight)  of  chloride  of  silver 
contain  35.4  (the  atomic  weight)  of  chlorine,  8.53  of  chloride  of  sil- 
ver will  be  found  to  contain  2.11  of  chlorine : — 

143.1    :    35.4    :  :    8.53    :  x. 
8.53 

1.062 
17.70 
283.2 
143.1)301.962(2.11 
286.2 
15.76 
14.31 
1.452 
1.431 

21  a;  =  2.11. 

And  if  143.1  of  chloride  of  silver  contain  107.7  of  silver,  8.53  of 
chloride  of  silver  will  contain  very  nearly  6.42  of  silver.  To  a.scer- 
tain,  for  example,  the  amount  of  silver  in  a  substance  containing, 
say,  nitrate  of  silver,  all  that  is  necessary  is  to  take  a  weighed  quan- 
tity of  the  substance,  dissolve  it,  precipitate  the  whole  of  the  silver 
by  adding  hydrochloric  acid  or  other  chloride  till  no  more  chloride  of 
silver  falls,  collect  the  precipitate  on  a  filter,  wash,  dry,  and  weigh. 
The  amount  of  silver  in  the  dried  chloride,  ascertained  by  calcula- 
tion, is  the  amount  of  silver  in  the  quantity  of  substance  on  Avhich 
the  operation  was  conducted  ;  a  rule-of-three  sum  gives  the  quantity 
per  cent.,  the  form  in  which  the  results  of  quantiUitive  analysis  arc 
usually  stated.  Occasionally  a  constituent  of  a  substance  admits  of 
being  isolated  and  weighed  in  the  uncomltined  state.  Thus  the 
amount  of  mercury  in  a  substance  may  be  determined  by  separating 
and  weighing  the  mercury  in  a  metallic  condition  ;  if  occurring  as 
calomel  (IlgCl)  or  corrosive  sublimate  (HgCl.^),  the  proportion  of 
chlorine  may  then  be  ascertained  by  calculation  (Hg  =  199.7 ; 
CI  =  35.4). 

Nature  of  Grammetric  Quanfitafh'e  Anah/sin. — As  above  stated, 
a  body  may  be  isolated  and  weh/hcd,  and  its  quantity  thus  ascertained, 
or  it  may  be  separated  and  weighed  in  combination  with  another  body 
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whose  combining  proportion  is  well  known  ;  this  is  quantitative  anal- 
ysis by  the  (jraciinvtric  method. 

A\iluye  of  Volumetric  Quaniilaiive  Analijsis. — Volumetric  opera- 
tions depend  for  success  on  some  accurate  initial  <rravimetric  opera- 
tion. A  weighed  amount  of  a  pure  salt  is  dissolved  in  a  given  volume 
of  water  or  other  fluid,  and  thus  forms  a  standard  solution.  Accu- 
rately measured  quantities  of  such  a  solution  will  obviously  contain 
just  as  definite  amounts  of  the  dissolved  salt  as  if  those  amounts  were 
actually  weighed  in  a  balance,  and,  as  measuring  occupies  less  time 
than  weighing,  the  volumetric  operations  can  be  conducted  with  great 
economy  of  time  as  compared  with  the  corresponding  gravimetric 
operations.  Quantitative  analysis  by  the  volumetric  method  consists 
in  noting  the  volume  of  the  standard  liquid  required  to  be  added  to 
the  substance  under  examination  before  a  given  effect  is  produced. 
Thus,  for  instance,  a  solution  of  nitrate  of  silver  of  known  strength 
may  be  used  in  experimentally  ascertaining  an  unknown  amount  of 
chlorine  in  any  substance.  The  silver  solution  is  added  to  a  solu- 
tion of  a  definite  quantity  of  the  substance  until  flocks  of  chloride 
of  silver  cease  to  be  precipitated :  every  107.7  parts  of  silver  added  (or 
169.7  of  nitrate  of  silver:  Ag=107.7,  N  =  14,  63  =  48;  total  169.7) 
indicates  the  presence  of  35.4  of  chlorine  or  an  ecpiivalent  quantity 
of  any  chloride.  The  preparation  of  standard  solutions,  such  as 
that  of  nitrate  of  silver,  to  which  allusion  is  here  made,  requires 
considerable  care,  but  when  made  certain  analyses  can,  as  already 
indicated,  be  executed  with  far  more  rapidity  and  ease  than  by 
gravimetric  processes. 

Quantitative  Determination  of  (a)  Atmospheric  Pressure,  (b)  Tem- 
perature, and  (r)  Weight. — The  quantitative  analysis  of  solids  and 
li(|uids  often  involves  quantitative  determinations  of  atmosplieric 
pressure,  temperature,  and  weight.  These  processes  will  now  be 
explained,  after  which  an  outline  of  volumetric  and  gravimetric 
quantitative  analysis  will  be  given.  The  scope  of  this  work  pre- 
cludes any  attempt  to  describe  all  the  little  mechanical  details  ob- 
served by  quantitative  analysts;  essential  operations,  however,  are 
so  fully  treated  that  expert  manipulators  will  meet  with  little 
difficulty. 

Quantitative  Determination  of  Atmospheric  Pressure. 

The  Barometer. — The  analysis  of  gases  and  vapors  involves  de- 
terminations of  the  varying  pressure  of  the  atmosphere  as  indicated 
by  the  barometer  (from  ftdpoc;,  baros,  weight,  and  filrpov,  metron, 
measure). 

The  ordinary  ma'curial  barometer  is  a  glass  tube  33  or  34  inches 
long,  closed  at  one  end,  filled  with  mercury,  and  inverted  in  a  small 
cistern  or  cup  of  mercury  (fig.  62).  The  mercury  remains  in  the 
tube,  owing  to  the  weight  or  pressure  of  the  atmosphere  on  the  ex- 
posed surface  of  the  lifjuid,  the  average  height  of  the  column  being 
nearly  30  inches.  In  the  popular  form  of  tliii  instrument,  the  wheel- 
barometer,  the  cist(!rn  is  formcid  by  a  recurvature  of  the  tube  (fig. 
63);  on  the  exposed  surface  of  the  mer(;ury  a  float  is  placed,  from 
which  a  thretad  pus-ses  over  a  pulley  and  moves  an  index  whenever 
44  a 
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the  column  of  mercury  rises  or  falls.    As  supplied  to  the  public, 
these  barometers  are  usually  enclosed  in  ornamental  frames  with 
thermometei's  attached.  Inthewheel- 
Fig.  62.    barometer  the  glass  tube  and  contained 
^'-^       column  of  mercury  are  altogether  en- 
closed, the  index  alone  being  visible. 
In  the  other  variety  the  upper  end  of 
the  glass  tube  and  mercurial  column 
are  exposed,  and  the  height  of  the 
mercury  is  ascertained  by  direct  ob- 
servation. 

77ie  aneroid  barometer  (from  a,  a, 
wUhoiti,  and  vrjpb^,  neros,  fluid)  con- 
sists of  a  small,  shalloAV,  vacuous  metal 
drum,  the  sides  of  which  approach 
each  other  when  an  increase  of  atmo- 
spheric pressure  occurs,  their  elasticity 
enabling  them  to  recede  toward  their 
former  position  on  a  decrease  of  pres- 
sure. This  motion  is  so  multiplied 
and  altered  in  direction  by  levers,  etc. 
as  to  act  on  a  hand  traversing  a  plate 
on  which  are  marked  numbers  corre- 
sponding with  those  showing  the  height 
of  the  mercurial  column  of  the  ordi- 
nary barometer  by  which  the  aneroid 
was  adjusted.  The  Bom  don  barometer 
(from  the  name  of  the  inventor)  is  a 
modified  aneroid,  containing,  in  the 
place  of  the  round  metal  box,  a  flat- 
tened vacuous  tube  of  metal  bent  nearly  to  a  circle.  These  barom- 
ters  are  also  useful  for  measuring  the  pressure  in  steam-boilers,  etc. 
Under  the  name  of  pressure-gauges  they  are  sold  to  indicate  pres- 
sure of  500  pounds  and  upward  per  square  inch.  From  their  porta- 
bility (they  can  be  made  of  1  to  2  inches  in  diameter  and  1  inch 
thick)  they  are  excellent  companions  for  travellers  wishing  to  know 
the  height  of  hills,  mountains,  and  other  elevations. 

For  further  information  concerning  the  influence  of  pressure  on 
the  volume  of  a  gas  or  vapor  see  page  547  ;  and  for  descriptions  of 
the  methods  of  analyzing  gases  refer  to  Ganot's  P/ii/sics  (translated 
by  Atkinson),  Miller's  Chemical  Physics,  and  "Analysis  of  Gases" 
in  Watt's  Dictionary  of  Chemistry. 

Quantitative  Determination  of  Temperature. 

General  Principles. — As  a  rule,  all  bodies  expand  on  the  addition 
and  contract  on  the  abstraction  of  heat,  the  alteration  in  volume 
being  constant  and  regular  for  equal  increments  or  decrements  of 
temperature.  The  extent  of  this  alteration  in  a  given  substance, 
expressed  in  parts  or  degrees,  constitutes  the  usual  method  of  in- 
telligibly stating,  with  accuracy,  precision,  and  minuteness,  a  par- 
ticular condition  of  warmth  or  temperature — that  is,  of  sensible 
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heat.  The  substance  commonly  onn)loyed  for  this  purpose  is  mer- 
cury, the  chief  advantages  of  which  are  that  it  will  Ijear  a  high  tem- 
perature without  boiling,  a  low  temperature  without  freezing,  does 
not  adhere  to  glass  to  a  sufficient  extent  to  "wet"  the  sides  of  any 
tube  in  which  it  may  be  enclosed,  and,  from  its  good  conducting- 
power  for  heat,  responds  rapidly  to  changes  of  temperature.  Plati- 
num, earthenware,  alcohol,  and  air  are  also  occasionally  used  for 
thermometric  purposes. 

The  Thermometer. — The  construction  of  an  accurate  tlier- 
mometer  is  a  matter  of  great  difficulty,  but  the  following  are 
the  leading  steps  in  the  operation  : — Select  a  piece  of  glass 
tubing  having  a  fine  capillary  (capillux^  a  liair)  bore  and  about 
a  foot  long  ;  heat  one  extremity  in  the  blowpipe-flame  until  the 
orifice  closes  and  the  glass  is  sufficiently  soft  to  admit  of  a 
bulb  being  blown  ;  heat  the  bulb  to  expel  air,  immediately 
plunging  the  open  extremity  of  the  tube  into  mercury  ;  the 
bulb  having  cooled,  and  some  mercury  having  entered  and 
taken  the  place  of  expelled  air,  again  heat  the  bulb  and  tube 
until  the  mercury  boils  and  its  vapor  escapes  through  the  bore 
of  the  tube  :  again  plunge  the  extremity  under  mercury,  which 
will  probably  now  completely  fill  the  bulb  and  tube.  When 
cold  the  bulb  is  placed  in  melting  ice.  The  top  of  the  column 
of  mercury  in  the  capillary  tube  should  then  be  within  an  inch 
or  two  of  the  bulb  ;  if  higher,  some  of  the  mercury  must  be 
expelled  by  heat;  if  lower,  more  metal  must  be  introduced  as 
before.  The  tube  is  now  heated  near  the  open  end  and  a  por- 
tion drawn  out  until  the  diameter  is  reduced  to  about  one- 
tenth.  The  bulb  is  next  warmed  until  the  mercurial  column 
rises  above  the  constricted  part  of  the  tube,  which  is  then 
rapidly  fused  in  the  blowpipe-flame  and  the  extremity  of  the 
tube  removed. 

The  instrument  is  now  ready  for  graduation.  The  bulb  is 
placed  in  boiling  water  (a  medium  having,  cseferis  paribm,  an 
invariable  temperature),  and  when  the  position  of  the  top  of 
the  mercurial  column  is  constant  a  nuxrk  is  made  on  the  tube 
by  a  scratching  diamond  or  a  file.  This  operation  is  repeated 
with  melting  ice  (also  a  medium  having  an  invariable  tempe- 
rature). The  space  between  these  two  marks  is  divided  into  a 
certain  number  of  intervals  termed  degrees.  Unfortunately, 
thii  number  i.s  not  uniform  in  all  countries:  in  England  it  i,s 
180,  as  proposed  by  Fahrenheit ;  in  France  100,  as  proposed 
by  Celsius  (the  Centigrade  scale),  a  number  generally  adopted 
by  scientific  men;  in  some  parts  of  the  Continent  the  divisioris 
are  80  for  the  same  interval,  as  suggested  by  Reaumur.  Which- 
ever be  the  number  selected,  similar  markings  should  be  con- 
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Fig.  G4, 

Thermometric  Scales. 


tinned  beyond  the  boiling-  and  freezing-points  as  far  as  the 
length  of  the  stem  admits.    They  may  be  made  on  the  stem 

itself  or  on  any  wood,  metal,  or 
earthenware  frame  on  which  tlie 
stem  is  mounted. 

Thermometric  Scales  (fig.  64). — 
On  the  Centigrade  (C.)  and  Keati- 
mur  (R.)  scales  the  freezing-point  of 
water  is  made  zero,  and  the  boiling- 
point  100  and  80  respectively  -,  on 
the  Fahrenheit  (F.)  scale  the  zero 
is  placed  32  degrees  below  the  con- 
gealing-point  of  water,  the  boiling- 
point  of  which  becomes,  consequent- 
ly, 212.  Even  on  the  Fahrenheit 
system,  temperatures  below  the 
freezing-point  of  water  are  often 
spoken  of  as  "degrees  of  frost;" 
tiuis  19  degrees  as  marked  on  the 
thermometer  would  be  recarded  as 


£12 


100 


80 


Fahrenheit.  Centifcrarle.  Eeaiimiir. 


"  13  degrees  of  frost."  It  is  to  be 
regretted  that  the  freezing-point  of 
water  is  not  universally  regarded 
as  the  zero-point,  and  that  the  number  of  intervals  between  that  and 
the  boiling-point  is  not  everywhere  the  same. 

The  defjrees  of  one  scale  are  easily  converted  into  those  of  another 
if  their  relations  be  remembered — namely:  ISO  (F.),  100  (C),  SO 
(R.) ;  or  18,  10,  and  8  ;  or,  best;  9,  5,  and  4. 


Formulce  for  the  Conve)'sion  of  Degrees  of  one  Thermometric  Scalt 
into  those  of  another. 

F  =  Fahrenheit.  G  =  Centigrade. 

R  =  Reaumur.  D  =  The  observed  degree. 

If  above  the  freezing-point  of  water  (32°  F  ;  0°  C  ;  0°  E), 

F  into  C   (D  —  32)  -=-  9  X  5. 

F    "    R   (D  —  32)      9  X  4. 

C    "    F   D  ^  5  X  9  +  32. 

R   "   F   D       4  X  9  +  32. 

If  below  freezing,  but  above  0°  F  (—  17°.77  C  ;  —  14°.22  R), 

F  into  C  —  (32  —  D)      9  X  5. 

F    "    R  —  (32  —  D)     9  X  4. 

C    "    F   32  —  (D  ^  5  X  9. 

R  "    F   32  —  (D     4  X  9. 

If  below  0°  F  (—  17°.77  C  ;  —  14°.22  R), 

F  into  C  —  (D  -f  32)  ^  9  X  5. 

F    "    R  —  (D  -f-  32)  -f-  9  X  4. 

C    "    F  _  (D       f)  X  9)  —  32. 

R    "    F  —  (D  ^   4  X  9)  —  32. 


THERMOiMETRIC  SCALES. 


520 


For  all  degrees : 

C  into  R   D  H-  5  X  4. 

R    "    C   D  ^  4  X  5. 

In  ascertaining  the  temperature  of  a  liquid  the  bulb  of  a 
thermometer  is  simply  inserted  and  the  degree  noted.  In  de- 
termining the  boiling-point  also  the  bulb  is  inserted  in  the 
liquid,  if  a  pure  substance.  In  taking  the  boiling-point  of  a 
liquid  which  is  being  distilled  from  a  mixture,  the  bulb  of  the 
thermometer  should  be  near  to  but  not  beneath  the  surface. 

The  boilinff-point"  of  a  licjnid  is  the  temperature  at  which 
the  elasticity  of  the  vapor  of  the  substance  overcomes  the 
atmospheric  or  other  pressure  to  which  the  liquid  is  exposed. 
If  the  pressure  is  equal  to  760  mm.  (29.92  inches)  of  mercury, 
water  will  boil  at  100°  C.  (212°  F.).  The  boiling-point  of  a 
drop  of  a  fluid  is  taken  by  introducing  it  into  the  closed  ex- 
tremity of  a  small  U-tube,  the  remaining  portion  of  the  closed 
limb  being  filled  with  mercury.  The  tube  '.a  lowered  into  a 
bath,  the  open  limb  being  above  the  surface  of  the  fluid  of  the 
bath.  The  bath  is  slowly  and  equally  heated,  and  the  boiling- 
point  of  the  liquid,  indicated  by  the  mercury  falling  until  it  is 
level  in  the  two  limbs,  taken  by  a  thermometer  whose  bulb  is 
close  to  the  U-tube. 

The  following  are  the  boiling-points  of  a  few  substances  met 


with  in  pharmacy  : — 

Centigrade.  Falirenlieit. 

Alcohol,  absolute   78.3  173 

"        84  per  cent   79.5  175 

"         49  per  cent,  (proof  rpirit)     .    .    .  81.4  178.5 

"        amylic   132.2  270 

Benzol   80.6  177 

Bromine   63.0  145.4 

Benzoic  acid   239.0  462 

Carbolic  acid   187.8  370 

Chloroform   61  142 

Ether  (B.  P.)                              .  (below)  40.5  105 

"     pure    35  95 

Mercury  in  vacuo  (as  in  a  thermometer)      .  304  580 

"       in  air  (baroni.  at  30  inches)  .    .    .  350  662 

Water  (l)arom.  at  29.92  inches)      ....  100  212 

"    (             29.33    "    )      ....  99.5  211 

"    (    "      _   28.74    "    )      ....  99  210 
Saturated  .solutions  of — 

Cream  of  tartar   101  214 

Common  salt   106.6  224 

Sal  ammoniac   113.3  236 

Nitrate  of  sodium   119  246 

Acetate  of  sodium   124.4  256 

Chlori(l(!  of  calcium   179.4  355 
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By  "gentle  heat,"  U.  S.  P.,  is  meant  any  temperature  between 
about  32°  C.  and  38°  C.  (about  90°  and  100°  'F.). 

To  Drtermine  Mdling-pohits  of  Fat, — Heat  a  fragment  of 
tlie  substance  (spermaceti  or  wax,  for  example)  till  it  liquefies, 
and  then  draw  up  a  small  portion  into  a  thin  glass  tube  about 
the  size  of  a  knitting-needle.  Immerse  the  tube  in  cold  water 
contained  in  a  beaker,  and  slowly  heat  the  vessel  till  the  thin 
opaque  cylinder  of  solid  fat  melts  and  becomes  transparent ;  a 
delicate  thermometer  placed  in  the  water  indicates  the  jjoint  of 
change  to  the  fifth  of  a  degree.  Remove  the  source  of  heat 
and  note  the  congealing-point  of  the  substance ;  it  will  be  iden- 
tical with  or  close  to  the  melting-point. 

Pyrometors. — Temperatures  above  the  boiling-point  of  mer- 
cury are  determined  by  ascertaining  to  what  extent  a  bar  of 
platinum  or  porcelain  has  elongated.  The  bar  is  enclosed  in  a 
cavity  of  a  suitable  case,  a  plug  of  platinum  or  porcelain  placed 
at  one  end  of  the  bar,  and  the  whole  exposed  in  the  region  the 
temperature  of  which  is  to  be  found.  After  cooling,  the  dis- 
tance to  which  the  bar  has  forced  the  plug  along  the  cavity  is 
accurately  measured  and  the  corresponding  degree  of  tempera- 
ture noted.  The  value  of  the  distance  is  fixed  for  low  tempe- 
ratures by  comparison  with  a  mercurial  thermometer,  and  the 
scale  carried  upward  through  intervals  of  equivalent  length. 
Such  thermometers  are  conventionally  distinguished  from  ordi- 
nary instruments  by  the  name  'pyrometer  (from  T^op^  pur,  fire, 
and  /lirpuvj  metron,  measure). 

The  following  are  meltrng-points  of  substances  official  in  the 
British  Pharmacopoeia  : — 

In  degrees  In  degrees 
Centigrade.  FahreiilieiL 


Acetic  acid,  glacial   8.9  48 

"       "       "    congeals  at     .    .  1.1  34 

Benzoic  acid   120  248 

Carbolic  acid   35  95 

Oil  of  theobroma  ....    (about)  32  90 

Phosphorus   43.3  110 

Prepared  lard  (about)  38  100 

"       suet   39.5  103 

Spermaceti  (not  under)  38  100 

AVhite  wax   65.5  150 

Yellow  wax   60  140 


The  order  of  fusibility  of  a  few  of  the  metals  is  as  fol- 
lows : — 
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In  degrees  In  flcgi  ees 
Ceutigriide.  Faliroiilioit. 


TIT 

Mercury  

—  39 

Potiissium  

+  144.5 

feodmm  

207.7 

Tin  

442 

Bismuth  

...  264 

507 

...  325 

617 

Zinc  

.    .    .  411.6 

773 

Antimony  

11.50 

Silver 

1873 

Copper    . 

1996 

Gold  

.    .    .  1102 

2016 

Cast  iron  

.    ,    .  1530 
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QUESTIONS  AND 

EXERCISES. 

922.  On  what  fundamental  laws  are  the  operations  of  quantitative 
analysis  based? 

923.  What  is  the  general  nature  of  gravimeir-ic  quantitative 
analysis  ? 

924.  Describe  the  general  principle  of  volumetric  quantitative 
analysis. 

925.  How  are  variations  in  atmospheric  pi-essure  quantitatively 
determined  ? 

926.  E.xplain  the  construction  and  mode  of  action  of  a  mercurial 
barometer. 

927.  In  what  respect  does  a  wheel-barometer  dilfer  from  an  instru- 
ment in  which  the  readings  are  taken  from  the  top  of  the  column  of 
mercury  ? 

928.  Describe  the  principle  of  action  of  an  aneroid  barometer. 

929.  On  what  general  principles  are  thermometers  constructed  ? 

930.  What  material  is  employeil  in  making  thermometers? 

931.  Why  is  mercury  selected  as  a  thermometric  indicator? 

932.  Describe  the  manufacture  of  a  mercurial  thermometer. 

933.  How  are  thermometers  graduated? 

9-34.  Give  formulas  for  the  conversion  of  the  degrees  of  one  ther- 
mometric scale  into  those  of  another,  («)  when  the  temperature  is 
above  the  freezing-point  of  water,  {!>)  below  32°  F.,  but  above  0°  F., 
and  (c)  below  0°. 

935.  Name  the  degree  C.  equivalent  to  60°  P. 

9.36.  What  degree  C.  is  represented  by  — 4°  F.? 

937.  Mention  the  degree  F.  indicated  Ijy  23°  C. 

938.  Convert  100°  R."  into  degrees  C.  and  F. 

939.  .State  the  boiling-points  of  alcohol,  chloroform,  ether,  mer- 
cury, and  water  on  either  thermometric  scale. 

940.  Describe  the  details  of  manipulation  in  estimating  the  melt- 
ing-point of  fats. 

941.  In  what  respect  do  pyrometers  differ  from  thermometers? 
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942.  Mention  the  melting-points  of  glacial  acetic  acid,  oil  of  thco- 
broma,  lard,  suet,  and  wax. 

943.  Give  the  fusing-points  of  tin,  lead,  zinc,  copper,  and  cast- 
iron. 


Quantitative  Determination  of  Weight. 

Definitions. 

All  bodies,  celestial  and  terrestrial,  attract  each  other,  the  amount 
of  attraction  being  in  direct  proportion  to  the  quantity  of  matter  of 
which  they  consist,  and  in  inverse  proportion  to  the  squares  of  their 
distances.  This  is  gravitation.  When  gravitation  in  certain  direc- 
tions is  exactly  counterbalanced  by  gravitation  in  opposite  directions, 
a  body  (e.  g.  the  earth)  remains  suspended  in  space.  Such  a  body 
in  relation  to  other  bodies  has  gravity,  but  not  weight.  Weight  is 
the  effect  of  gravity,  being  the  excess  of  gravitation  in  one  direction 
over  and  above  that  exerted  in  the  opposite  direction.  Weight, 
truly,  in  any  terrestrial  substance  is  the  excess  of  attraction  which 
it  and  the  earth  have  for  each  other  over  and  above  the  attraction 
of  each  in  opposite  directions  by  the  various  heavenly  bodies.  But, 
practically,  the  weight  of  any  terrestrial  substance  is  the  effect  of 
the  attraction  of  the  earth  only.  Sj^ecijic  weight  is  the  definite  or 
precise  weight  of  a  body  in  relation  to  its  bulk  ;  it  is  more  usually 
but  not  quite  correctly  termed  sjKcific  gravity — gravity  belonging  to 
the  earth,  and  not,  in  any  sensible  degree,  to  the  substance. 


QUESTIONS. 

944.  What  is  understood  by  gravitation  ? 

945.  State  the  difference  between  w^eight  and  gravity. 

946.  Mention  a  case  in  which  a  body  has  gravity,  but  no  apparent 
weight. 

947.  Practically,  what  causes  the  weight  of  terrestrial  substances  ? 


Weights  and  Measures. 

The  Balance. — The  balance  used  in  the  quantitative  operations  of 
analytical  chemistry  must  be  accurate  and  sensitive.  The  points  of 
suspension  of  the  beam  and  pans  should  be  polished  steel  or  agate 
knife-edges  working  on  agate  planes.  It  should  turn  easily  and 
quickly,  without  too  much  oscillation,  to  or  of  a  gi-ain  or 
^  of  a  milligramme,  when  1000  grains  or  50  or  60  grammes  are 
placed  in  each  scale.  ((Irammes  are  weights  of  the  metric  system, 
a  description  of  which  is  given  on  the  next  two  or  three  pages.)  The 
beam  should  lie  light  and  strong,  capable  of  supporting  a  load  of 
1500  grains  or  100  grammes;  its  oscillations  are  observed  by  help 
of  a  long  index  attached  to  its  centre,  and  continued  downward  for 
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some  distance  in  front  of  the  supporting  pillar  of  the  balance.  The 
instrument  should  be  provided  with  screws  for  purposes  of  adjust- 
ment, a  mechanical  contrivance  for  supporting  the  beam  above  its 
bearing  when  not  in  use  or  during  the  removal  or  addition  of 
weights,  spirit-levels  to  enable  the  operator  to  give  it  a  horizontal 
position,  and  be  enclosed  in  a  glass  case  to  protect  from  dust.  It 
should  be  placed  in  a  room  the  atmosphere  of  which  is  not  liable  to 
be  contaminated  by  acid  fumes,  in  a  situation  free  fi"om  vibration, 
and  a  vessel  containing  lumps  of  quicklime  should  be  placed  in  the 
case  to  keep  the  enclosed  air  dry  and  prevent  the  formation  of  rust 
on  any  steel  knife-edges  or  other  parts.  During  weighing  the  doors 
of  the  balance  should  be  shut,  in  order  that  currents  of  air  may  not 
unequally  influence  the  pans. 

Tke  Weiyhts. — These  should  be  preserved  in  a  box  having  a  sep- 
ai-atc  compartment  for  each.  They  must  not  be  lifted  directly  with 
the  fingers,  but  by  a  small  pair  of  forceps.  If  grain-weights,  they 
should  range  from  1000  grs.  to  gr.,  a  weight  being  fashioned 
of  gold  wire  to  act  as  a  "  rider"  on  the  divided  beam,  and  thus  in- 
dicate by  its  position  lOOths  and  lOOOths  of  a  grain.  From  -^^  to 
10  grs.  the  weights  may  be  of  platinum ;  thence  upward,  to  1000 
grs.,  of  brass.  The  relation  of  the  weights  to  each  other  should  be 
decimal.  Metric  decimal  weights  may  range  from  1000  grammes  to 
1  gramme  of  brass,  and  thence  downward  to  1  centigramme  of  plat- 
inum, a  gold  centigramme  rider  being  employed  to  indicate  milli- 
grammes and  tenths  of  a  milligramme. 

Weights  and  Measures  of  "the  U.  S.  Pharmacopoeia. — "The 
working  formulte  of  the  United  States  Pharmacopoeia  are  now  so 
constructed  that,  in  their  practical  application,  any  system  of 
weights  or  (in  certain  cases  measures)  may  be  used."  "  The 
weights  and  measures  referred  to  by  physicians  in  prescribing, 
and  used  by  pharmacists  in  dispensing  medicines,  are,  in  the 
United  States,  either  those  of  the  'apothecaries'  or  troy  system  of 
weights  and  the  wine  measure,  or  those  of  the  metric  system." 

Troy  Weiyhts. — These  are  derived  from  the  troy  pound,  and  are 
exhibited  in  the  following  table,  with  their  signs  annexed : — 


One  pound,  ib  =  12  ounces    —  5760  grains. 

One  ounce,  g  =  8  drachms  —  480  grains. 

One  drachm,  3=3  scruples  =    60  grains. 

One  scruple,     9  =    20  grains. 

One  grain,      gr  =      1  grain. 


It  is  highly  important  that  persons  engaged  in  preparing  med- 
icines should  be  provided  with  troy  weights.  But  those  who  are 
not  so  provided  can  make  their  avoirdupois  weights  available  as 
substitute  for  troy  weights  by  bearing  in  mind  that  42.5  grains, 
added  to  the  avoirdupois  ounce,  will  make  it  equal  to  the  troy 
ounce,  and  that  1240  grains,  deducted  from  the  avoirdupois  pound, 
will  reduce  it  to  the  troy  pound. 

Measures. — These  are  derived  from  the  wine  gallon,  and  are  given 
in  the  following  table,  with  their  signs  annexed : — 
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One  gallon,        C  —  8  pints 

One  pint,  0  =  16  tiuidounccs 

One  Uuidouncc,  f  5  —  8  fluidrachms 

One  fluidrachm,  f3  

One  minim,  TTL  


61,440  minims, 
7,680  minims. 
480  minims. 
60  minims. 
1  minim. 


Relation  of  T)-oij  Weight  and  Wine  Measure. 


1  minim  =    0.95  grains.  1  grain  =     1.05  minims. 

]  f3      =  56.96     "  13=  63.2 

1  f  §      =  455.69     "  1  g      =  505.6  " 


The  Metric  System  of  weights  (the  word  metric  is  from  the 
Greek  /lerpov,  metron,  measure)  is  greatly  to  be  preferred  to  all 
others,  the  relation  of  the  metric  weights  of  all  denominations  to 
measures  of  length,  capacity,  and  surface  being  so  simple  as  to  be 
within  the  perfect  comprehension  of  a  child  ;  while  under  the  Brit- 
ish and  American  plans  the  weights  have  no  such  relation  either 
with  each  other  or  with  the  various  measures.  Moreover,  the  metric 
system  is  in  perfect  harmony  with  the  universal  method  of  counting; 
it  is  a  decimal  system. 

[It  is  perhaps  impossible  to  realize,  much  more  express,  the  ad- 
vantages we  enjoy  from  the  fact  that  in  every  country  of  the  world 
the  system  of  numeration  is  identical.  That  system  is  the  decimal. 
Whatever  language  a  man  speaks,  his  method  of  numbering  is  deci- 
mal ;  his  talk  concerning  number  is  decimal ;  his  written  or  printed 
signs  signifying  number  are  decimal.  With  the  figures,  1,  2,  3,  4,  5, 
6,  7,  8,  9,  0  he  represents  all  possible  variation  in  number,  the  posi- 
tion of  a  figure  in  reference  to  its  companions  alone  determining  its 
value,  a  figure  on  the  left  hand  of  any  other  figure  in  an  allocation 
of  numeral  symbols  (for  example,  1871)  having  ten  times  the  value 
of  that  figure,  while  the  figure  on  the  right  hand  of  any  other  has  a 
tenth  of  the  value  of  that  other.  When  the  youngest  pupil  is  asked 
how  many  units  there  are  in  1871,  he  smiles  at  the  simplicity  of  the 
question,  and  says  1871.  How  many  tens?  187,  and  1  over.  How 
many  hundreds?  18,  and  71  over.  How  many  thousands?  1,  and 
871  over.  But  if  he  is  asked  how  many  scruples  there  are  in  1S71 
grains,  how  many  drachms,  how  many  ounces,  he  first  inquires 
which  drachms  or  which  ounces  are  meant— avoirdupois  ounces, 
troy  ounces,  or  wine  ounces — and  then  brings  out  his  slate  and 
pencil.  And  so  with  the  pints  or  gallons  in  1871  fluidounces,  or 
the  feet  and  yards  in  1871  inches,  or  the  pence,  shillings,  and 
pounds  in  1871  farthings;  to  saj'' nothing  of  cross  questions,  such 
.as  the  value  of  1871  articles  at  2  dollars  and  20  cents  per  dozen,  or 
of  the  perplexity  caused  by  the  varying  values  of  several  individual 
weights  or  of  measures  of  length,  capacity,  and  surface  in  different 
parts  of  the  country.  What  is  desired  is,  that  there  should  be  an 
equally  simple  decimal  relation  among  weights  and  measures  and 
coins  as  already  universally  exists  among  numbers.  This  condition 
of  things  having  already  been  introduced  into  most  other  countries, 
there  is  no  good  reason  why  it  should  not  be  accomplisiied  in  the 
United  States  and  Great  Britain.] 
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The  Metric  Sj-stcm  of  weights  and  measures  is  founded  on  the 
metre.    The  engraving  (Fig.  05)  represents  a  pocket  folding-meas- 

Fig.  65. 
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Thfi  Decimetre. 

are,  the  tenth  part  of  a  metre  in  length,  divided  into  ten  centimetres, 
and  each  centimetre  into  10  millimetres. 

The  units  of  the  system  with  their  multiples  and  submultiples 
are  as  follows  : — 

UxiTS. 

Leugfh. — The  Unit  of  Length  is  the  Metre,  derived  from  the 
measurement  of  the  quadrant  of  a  meridian  of  the  earth.  (Prac- 
tically, it  is  the  length  of  certain  carefully-preserved  bars  of  metal 
from  which  copies  have  been  taken.) 

Surface. — The  Unity  of  Surface  is  the  Are,  which  is  the  square 
of  ten  metres. 

Capaciti/. — The  Unity  of  Capacity  is  the  Litre,  which  is  the  cube 
of  a  tenth  part  of  a  metre. 

Weight. — The  Unit  of  Weight  is  the  Gramme,  which  is  the  weight 
of  that  quantity  of  distilled  water,  at  its  maximum  density  (4°  C), 
which  fills  a  cube  of  the  one-hundredth  part  of  the  metre. 

Table. 

Note. — Multiples  are  denoted  by  the  Greek  words  "  Deca,"  Ten, 
"  Ilecto,"  Hundred,  "  Kilo,"  Thousand. 

Subdivisions,  by  the  Latin  words  "  Deci,"  One-tenth,  "  Centi,"' 
One-hundredth,  "  Milli,"  One-thousandth. 


Quantities.  Length.  Surface.        Capacity.  Weight. 

1000  Kilo-metre       .    .    .  Kilo-litre  Kilo-gramme. 

100  Ilecto-metre  Hectare  Ilccto-litre  Ilecto-gramme. 

10  Deca-metre       .    .    .  Deca-litre  Deca-gramme. 

1  (Units)  METRE  ARE  LITRE  GRAMME.  ; 

.1  Deci-metre       .    .    .  Deci-litre  Deci-gramme. 

.01  Centi-metre  Centiaro  Centi-litre  Centi-gramme. 

.001  Milli-metre       .    .    .  Milli-litre  Milli-gramme. 


When  the  M(!tric  Method  is  exclusively  adopted  tiiese  units  and  this 
table,  comprising  the  entire  system  of  weights  and  measures,  repre- 
sent all  that  will  be  essential  to  be  learned  in  lieu  of  the  numerous 
and  eomplicatcd  taldes  hitlic^rto  in  use.  Adopting  the  stylo  of  ele- 
nientary  books  on  arithmetic,  the  Tables  nuiy  be  expanded  in  the 
following  manner: — 
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10  Millif!;ramnios  make  1  Centigramme. 
10  Centigrammes    "     1  Decigramme. 
10  Decigrammes     "     1  Gramme. 
10  Grammes  "     1  Decagramme. 

10  Decagrammes     "     1  Hectogramme. 


10  Hectogrammes    "     1  Kilogramme. 

10  Millilitres  make       1  Centilitre, 
etc. 

10  Millimetres  make     1  Centimeti-e, 
etc. 

The  following  approximate  equivalents  of  metrical  units  should 
be  committed  to  memory : — 

1  Metre     =  3  feet  3  inches  and  3  eighths. 
1  Are        =  a  square  whose  side  is  11  yards, 
1  Litre       =  If  pints. 
1  Gramme  —  15j  grains. 

The  Kilometre  is  equal  to  1100  yards. 
The  Hectare  —  2^  acres  nearly. 

The  Metric  Ton  of  1000  Kilogrammes  =  19  cwt.  2  qrs.  20  lbs.- 10  oz. 
The  Kilogramme  =  2  lbs.  3^  oz.  nearly. 

For  exact  equivalents  in  many  forms  see  pages  539  and  540.  A 
litre  of  water  at  39°  F.  weighs  15432  grains;  at  50°  F.,  15429 
grains;  at  60°  F.,  it  weighs  15418  grains;  at  70°  F.,  15403  grains; 
and  at  80°  F.,  15383  grains  (Pile).  (The  word  gramme  is,  in  Eng- 
lish, frequently  written  gram.) 

Decimal  Coinage. — In  most  countries  where  the  metric  S3-stem  of 
weights  and  measures  is  employed  a  decimal  division  of  coins  is  also 
adopted.  This  course,  conjoined  with  the  ordinary  decimal  method 
of  enumerating,  which,  fortunately,  is  in  universal  use,  renders  cal- 
culations of  all  kinds  most  simple — easy  to  an  extent  which  cannot 
be  conceived  in  countries  like  England,  where  the  operations  of 
weighing,  measuring,  paying,  and  counting  have  only  the  most  ab- 
surdly intricate  relations  to  each  other. 

The  General  Council  under  whose  authority  the  British  Pharma- 
copoeia is  issued  encourages  medical  practitioners  and  pharmacists 
in  the  adoption  of  the  metric  system,  and  gives  the  annexed  state- 
ment of  metric  weights  and  measures : — 
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WEIGHTS  AND  MEASURES  OF  THE 
METRICAL  SYSTEM. 

(From  the  British  Pharmacopoeia  of  1867.) 
Weights. 

i  Milligramme  =  the  thousandth  part  of  one  grm.,  or  0.001  grm. 


1  Centigramme  =  the  hundredth           "  0.01  " 

1  Decigramme   =  the  tenth                 "  0.1  " 
1  Gramme        =  weight  of  a  cubic  centimetre  of 

water  at  4°  C.  1.0  " 

1  Decagramme  -  ■  ten  grammes  10.0  " 

1  Hectogramme  =  one  hundred  grammes  100.0  " 

1  Kilogramme  =  one  thousand  grammes  1000.0  (1  kilo.). 


Measures  of  Capacity. 

1  Millilitre  =  1  cub.  centim.,  or  the  meas.  of  1  gram,  of  water. 

1  Centilitre  =  10         "            "                   10     "  " 

1  Decilitre   =  100        "            "                100     "  " 

1  Litre        =  1000        "           "               1000     "      (1  kilo.). 


Measures  of  Lexgtii. 

1  Millimetre  =  the  thousandth  part  of  one  metre,  or  0.001  metre. 
1  Centimetre  =  the  hundredth  "  0.01  " 

1  Decimetre    =  the  tenth  "  0.1  " 

1  Metre         =  the  ten-millionth  part  of  a  quarter  of  the  meridian 
of  the  earth. 


The  National  Convention  for  revising  the  Pharmacopoeia  of  the 
United  States  also  recognizes  the  metric  system  of  weights  and 
measures  by  giving,  in  the  recent  (sixth)  edition  of  the  Pharma- 
copoeia, Tables  of  the  units  of  the  metrical  system  with  their  mul- 
tiples and  submultiples,  similar  to  the  foregoing,  and  the  following 
Tables  showing  the  relation  to  each  other  of  the  metrical  and  troy 
systems.  In  some  parts  of  the  text  of  the  work  the  metric  system 
is  that  actually  employed. 

TABLES  OF  WEIGHTS  AND  MEASURES. 

A.— MEASURES  OF  LENGTH. 

L  Relation  of  Metric  to  United  States  Measures  of  Length.' 

1  Metre  =  39.370432  inches. 

1  Decimetre  =        3.937043  " 

1  Centimetre  =        0.393704  " 

1  Millimetre  =        0.039370  " 


4a  » 


534 


QUANTITATIVE  ANALYSIS. 


II.  Relation  of  United  States  to  Metric  Measures  of  Length. 


1  Yard  (or  .36  Inches) 
1  Foot  (or  12  Inches) 


0.91439  Metre. 
30.40  Centimetres. 


Inches. 

Centimetres. 

Indies. 

Centimetres. 

Inch. 

11 

=  27.9 

5 

=  12.7 

1 

10 

=  25.4 

4 

=  10.2 

X 

4 

9 

=  22.9 

3 

=  7.6 

1 

8 

=  20.3 

2 

=  5.1 

1 

7 

=  17.8 

1 

=  2.5 

6 

=  15.2 

Centimetres 

12.5 
6.25 
3.12 
1.54 
1.00 


B.— MEASURES  OF  CAPACITY. 
III.  Relation  of  Metric  to  United  States  Fluid  Measures. 


Cubic  Centim.  Fluidounces. 


1,000 

33.81 

950 

32.12 

900 

30.43 

850 

28.74 

800 

27.05 

750 

25.36 

700 

23.67 

650 

21.98 

600 

20.29 

550 

18.59 

500 

16.90 

4.50 

15.22 

400 

13.53 

350 

11.84 

300 

10.14 

250 

8.45 

200 

6.76 

150 

5.07 

100 

3.38 

30 

1.01 

Cubic  Centim.  Fluidrachms. 

25  =  6.76 
20     =  5.41 


Cubic  Centim.  Fluidrachms. 


15  =:  4.06 

10  =  2.71 

9  =  2.43 

8  =  2.16 

7  =  1.89 

6  =  1.62 

5  =  1.35 

4  =  1.08 

Cubic  Centim.  Minims. 

3  =  48.69 

2  =  32.46 

1  =  16.23 

0.95  =  15.42 

0.90  =  14.61 

0.85  =  13.80 

0.80  =  12.98 

0.75  =  12.17 

0.70  ^  11.36 

0.65  =  10.55 

0.60  =  9.74 

0.55  =  8.93 

0.50  =  8.12 

0.45  =  7.30 


Cubic  Centim. 

Minims 

0.40 

= 

6.49' 

0.35 

5.68 

0.30 

4.87 

0.25 

4.06 

0.20 

3.25 

0.19 

3.08 

0.18 

2.92 

0.17 

2.76 

0.16 

2.60 

0.15 

2.43 

0.14 

2.27 

0.13 

2.11 

0.12 

1.95 

0.11 

1.79 

0.10 

1.62 

0.09 

1.46 

0.08 

1.30 

0.07 

1.14 

0.06 

0.97 

0.05 

0.81 

0.04 

0.65 

0.03 

0.49 

0.02 

0.32 

0.01 

0.16 

IV.  Relation  of  United  States  to  Metric  Fluid  Measures. 


Minims. 

Cubic  Centim. 

Minims. 

Cubic  Centim. 

Minims. 

Cubic  Centim 

1 

=  0.06 

8 

=  0.49 

15 

0.92 

2 

=  0.12 

9 

=  0.55 

16 

0.99 

3 

=  0.18 

10 

=  0.62 

17 

1.05 

4 

=  0.25 

11 

=  0.68 

18 

1.11 

5 

=  0.31 

12 

=  0.74 

19 

1.17 

6 

=  0.37 

13 

=  0.80 

20 

1.23 

7 

=  0.43 

14 

^  0.86 

21 

1.29 
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Relation  op  United  States  to  Metric  Fluid  Measures. — Coni. 


Mi  Dims. 

Cubic  Contiin. 

Fluidraclims. 

I3ubic  Centim. 

Fluidounces. 

Cub.  Centim. 

22 



1.36 

3 

_ 

11.09 

11 



325.25 

23 

1.42 

4 

14.79 

12 



354.82 

24 



1.48 

5 

18.48 

13 



384.40 

25 

1.54 

6 

22.18 

14 



413.97 

26 

1.60 

7 



25.88 

15 



443.54 

27 

1.66 

8 

29.57 

16 

473.11 

28 



1.73 

9 

II 

33.27 

17 



502.69 

29 

1.79 

10 

36.97 

18 



532.26 

30 



1.85 

11 

40.66 

19 



561.93 

35 



2.16 

12 

44.36 

20 



591.50 

40 

2.46 

13 

48.06 

21 



621.08 

45 



2.77 

14 

51.75 

22 

 . 

650.65 

50 



3.08 

15 

55.45 

23 



680.22 

55 

 . 

3.39 

16 

59.10 

24 



709.80 

60 



3.70 

25 



739.37 

70 



4.31 

Fluidounces. 

26 



768.94 

80 

4.93 

3 

88.67 

27 

798.51 

90 

5.54 

4 

118".24 

28 

828.09 

100 

6.16 

5 

147.81 

29 

857.66 

110 

6.78 

6 

177.39 

30 

887.23 

120 

7.39 

/ 

206.96 

31 

916.80 

8 

236.53 

32 

946.38 

9 

266.10 

64 

1892.75 

10 

295.68 

128 

3785.51 

C— WEIGHTS. 
V.  Relation  of  Metric  to  Apothecaries'  or  Troy  Weight. 


Grammes. 

Grains. 

Grammes. 

Grains. 

Grammes. 

Grains. 

0.0010 

0.015 

0.0125 

0.193 

0.120 

1.852 

0.0013 

0.019 

0.0150 

0.231 

0.130 

2.006 

0.0015 

0.023 

0.0200 

0.309 

0.140 

2.161 

0.0020 

0.031 

0.0250 

0.386 

0.150 

2.315 

0.0025 

0.039 

0.0300 

0.463 

0.160 

2.469 

0.0030 

0.046 

0.0350 

0.540 

0.170 

2.623 

0.0035 

0.054 

0.0400 

0.617 

0.180 

2.778 

0.0040 

0.062 

0.0450 

0.694 

0.190 

2.932 

0.0045 

0.069 

0.050 

0.772 

0.200 

3.086 

0.0050 

0.077 

0.055 

0.849 

0.210 

3.241 

0.0055 

0.085 

0.060 

0.926 

0.220 

3.395 

0.0060 

0.093 

0.065 

1.003 

0.230 

3.549 

0.0065 

0.100 

0.070 

1.080 

0.240 

3.704 

0.0070 

0.108 

0.075 

1.157 

0.250 

3.858 

0.0075 

0.116 

0.080 

1.235 

0.260 

4.012 

0.0080 

0.123 

0.085 

1.312 

0.270 

4.167 

0.0085 

0.131 

0.090 

1.389 

0.280 

4.321 

0.0090 

0.139 

0.095 

1.466 

0.290 

4.475 

0.0095 

0.147 

0.100 

1.543 

0.300 

4.630 

0.0100 

0.154 

0.110 

1.698 

0.310 

4,784 
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Relation  of  Metric  to  Apothecaries'  or  Troy  AVeioiit. — Cont. 


Grumnies. 

Gifiiu8> 

I.  t*n  i>i  til  no 

Grains. 

Gramme.?. 

Grains. 

'+.VOO 

1  '? 

onn  A91 

ov 

Am  i2A9 

001  .f50^ 

U.OoU 

Pi  n(lQ 

o.uy.j 

1 A 

91  A  n^^ 
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91 
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99 
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900 
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9A 
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9A 

/If^l  9/11 
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Q 
O 
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40. .iy  / 

9Q 

zy 

4J.7  f^^Q 
44  ( ..Joo 

4,50 

Oy44.00  / 

/I 

A1  7'?0 

/tA9  070 
40.-. y  /  U 

500 

771  A  17J. 
i  1  10.1  /4 

c 
u 

77  1  AO 

^  1 

O  I 

/17S  40^ 
4  ( 0.4U0 

600 

Q95Q  AOO 

y— (jy  .4uy 

6 

92.594 

32 

493.835 

700 

10802.644 

7 

108.026 

33 

509.268 

750 

11574.262 

8 

123.459 

34 

524.700 

800 

12345.879 

9 

138.891 

35 

540.132 

900 

13889.114 

10 

154.323 

36 

555.565 

1000 

15432.350 

11 

169.756 

37 

570.997 

12 

185.188 

38 

586.429 

VI.  The  Relation  of  Apothecaries'  (or  Trov)  to  JIetric  Weight. 
Grains. 


1 

(FT 
1 

UU 
1 

Zo 
JL 
4  H 

1 
TtT 

1 

1 

1 
■SlT 

1 
^5- 

1 

1 
1 
1 

Tir 
1 

1 
1 

TiT 


i 


Grammes. 

Grains. 

Grammes. 

Grains. 

Grammes. 

0.00101 

1 
? 

0.01620 

14 

0.90718 

0.00108 

1 

IS 

0.02160 

15 

0.97198 

0.00130 

1 

•r 

0.03240 

16 

1.037 

0.00135 

X 

0.04860 

17 

1.102 

0.00162 

1" 

0.06480 

18 

1.166 

0.00180 

H 

2 

0.09720 

19 

1.231 

0.00202 

0.12960 

20 

1.296 

0.00216 

2* 

0.16200 

21 

1.361 

0.00259 

3 

0.19440 

22 

1.426 

0.00270 

4 

0.25920 

23 

1.458 

0.00324 

5 

0.32399 

24 

1 .555 

0.00360 

6 

0.38879 

25 

1.620 

0.00405 

7 

0.45359 

26 

1.685 

0.00432 

8 

0.51839 

27 

1.749 

0.00540 

9 

0.58319 

28 

1.814 

0.00648 

10 

0.64799 

29 

1.869 

0.00810 

11 

0.71297 

30 

1.944 

0.01080 

12 

0.77759 

40 

2.592 

0.01296 

13 

0.84239 

50 

3.240 
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Relation  of  Apothecaries'  (or  Trov)  to  Metric  Weight. — Cont. 


Drachms. 

Grmnnies. 

Ouiicps. 

Gram  ni  08. 

Ounces. 

\J  I  UllllllUn. 

1  = 

0  o  o  o 

1  1 

J  ^  — 

40. 000 

ii  = 

— 

1.1  10 

J  J  = 

OTQ  OKA 

1  I  i 

I  1 .004 

6  = 

OQ  Q1  /"i 

10   

10  — 

4  = 

15.552 

4  = 

124.414 

14  = 

435.449 

5 

19.440 

5  = 

155.517 

15  = 

466.552 

n  = 

23.328 

6  = 

186.621 

16  = 

497.656 

27.216 

7  = 

217.724 

17  = 

528.759 

8  = 

248.823 

18  = 

559.863 

Ounces. 

9  = 

279.931 

19  = 

590.966 

1  = 

31.103 

10  = 

311.035 

20  = 

622.070 

VII.  Relation  of  Metric  to  Avoirdupois  Weight. 


Avoiitiupois  Ounces 

Avoird 

ipois  Ounces 

Avoirdupois  Ounces 

and  Grains. 

and  Grains. 

and  Grains. 

Grammes. 

Oz. 

Grs. 

Grammes. 

Cz. 

Grs. 

Grammes.  Oz. 

Gra. 

28.35 

50 

1 

334 

500 

=  17 

279 

29 

10 

60 

2 

50* 

550 

=  19 

175 

30 

25-V 

70 

2 

205 

600 

=  21 

72 

31 

4f 

80 

2 

359 

650 

=  22 

405J 

32 

56* 

90 

3 

76* 

700 

=  24 

303 

33 

72' 

100 

3 

230* 

750 

=  26 

198J 

34 

87* 

150 

5 

127 

800 

=  28 

96 

35 

103 

200 

7 

24 

850 

=  29 

429 

36 

118 

250 

8 

358 

900 

=  31 

326J 

37 

133* 

300 

10 

255 

950 

=  33 

222 

38 

149 

350 

12 

15U 

1000 

=  35 

120 

39 

164* 

400 

14 

48 

40 

180 

450 

15 

382 

VIII.  Relation  of  Avoirdupois  to  Metric  Weight. 


Avoirdupois 
Ounces. 

Grammes. 

Avoirdupois 
Ounces. 

Grammes. 

Avoirdupois 
Pounds. 

Grammes. 

1  — 
Til  — 

1.772 

7  = 

198.447 

1  =■ 

453.592 

3.544 

8  = 

226.796 

2  = 

907.18 

k  = 

7.088 

9  = 

255.146 

3 

1360.78 

i  = 

14.175 

10  = 

283.496 

1  = 

1814.37 

1  = 

28.350 

11  = 

311.846 

5  = 

2267.96 

2  = 

56.699 

12  = 

340.195 

6 

2721.55 

3  = 

85.049 

13  = 

368.544 

7  = 

3175.14 

4  = 

113.398 

14  = 

396.894 

8  = 

3628.74 

5 

141.748 

15  = 

425.243 

9 

4082.33 

6  = 

170.098 

10  = 

4535.92 

The  following  Tables,  from  the  British  Pharmacopoeia  and  the 
Diary  of  Messrs.  De  La  Rue,  will  be  found  useful  for  reference : — 
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AVEIGHTS    AND    MEASURES    OF  THE 
BRITISH  PHARMACOPCEIA  OF  1867. 


1  Grain 
1  Ounce 
1  Pound 


Weights. 

gr. 
oz. 

lb.  =  16  ounces 


437.5  grains. 
7000 


1  Minim 

1  Fluiclrachm 

1  Fluidounce 

1  Pint 

1  Gallon 


Measures  of  Capacity. 

min. 
fl.  dr. 

fl.  oz.  = 

0.  -  = 

C.  = 

Measures  of  Length. 


60  minims. 

8  fluidrachms. 
20  fluidounces. 

8  pints. 


1  line 
1  inch 

12  " 

36  " 


=  1^  inch. 

=  39;i393  seconds-pendulum. 
=  1  foot. 

=  3  feet  =  1  yard. 


Length  of  pendulum  vibrating  seconds  of  mean  ] 

time  in  the  latitude  of  London  in  a  vacuum  at  V  39.1393  inches, 
the  level  of  the  sea  j 

(1  cubic  inch  of  distilled  water  at  62°  F.  and  30  inches  barom.  = 
252.458  grains.) 


Relation  of  British  Measures  to  Weights. 


1  Minim  is  the  measure  of 
1  Fluidrachm  " 
1  Fluidounce  '* 
1  Pint  " 
1  Gallon  " 


1  ounce  or 
1.25  pounds  or 
10  pounds  or 


0.91  grain  of  water. 
54.68  grains  of  water. 
437.5  " 
8750.0  " 
70,000.0  " 


(Gtt.  — -  guifce,  drops.  The  term  "  drop  "  indicates  a  quantity  Avhich 
is  indefinite,  and  should  only  be  used  when  approximativencss  is 
alone  desired.) 

Relation  of  Wine  Measures  to  Cubic  Measure. 


One  Gallon  = 
One  Pint  = 
One  Fluidounce  = 
One  Fluidrachm  = 
One  Minim  — 


231. 
28.875 
1.80468 
0.22558 
0.00375 


Culiic  Inches. 
Cubic  Inches. 
Cubic  Inches. 
Cubic  Inch. 
Cubic  Inch. 
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QUESTIONS  AND  EXERCISES. 

948.  Mention  some  adviintii>fes  of  a  decinuil  .system  of  weights  and 
measures. 

949.  What  is  the  name  of  the  chief  unit  of  the  metric  decimal 
system  of  weights  and  measures  ? 

'  950.  Mention  the  names  of  the  metric  units  of  surface,  capacity, 
and  weight,  and  state  liow  they  are  derived  from  the  unit  of  length. 

951.  How  are  multiples  of  metric  units  indicated? 

952.  State  the  designations  of  submultiples  of  metric  units. 

953.  How  many  metres  are  there  in  a  kilometi"e  ? 

954.  How  many  millimetres  in  a  metre? 

955.  How  many  grammes  in  5  kilogrammes  ? 

956.  How  many  milligrammes  in  13J-  grammes? 

957.  In  1869  centigrammes  how  many  grammes  ? 

958.  In  a  metre  measure  5  centimetres  wide  and  1  centimetre 
thick,  how  many  cubic  centimeti-es  ? 

959.  How  many  liti-es  are  contained  in  a  cubic  metre  of  any 
liquid  ? 

960.  State  the  British  equivalent  of  the  metre. 

961.  How  many  square  yards  in  an  are? 

962.  How  many  fluidounces  in  a  litre? 

963.  How  many  ounces  in  a  kilogramme? 

964.  Give  the  relation  of  a  metric  ton  (1000  kilos.)  to  a  British 
ton. 

965.  How  many  grains  are  there  in  1  ton  ? 

966.  How  many  ounces  in  1  ton  ? 

967.  How  many  grains  of  water  in  1  fluidrachm  ? 

968.  How  many  minims  in  1  pint? 

969.  How  many  grains  in  1  pint  of  water  ? 

970.  Whence  is  the  British  unit  of  length  derived? 


Specific  Weight  or  Specific  Gravity. 

The  specific  weight  of  a  substance  is  its  weight  in  comparison  with 
weights  of  similar  bulks  of  other  substances.  This  comparative 
heaviness  of  soHcli  and  liquids  is  conventionally  expressed  in  rela- 
tion to  water :  they  are  considered  as  being  lighter  or  heavier  than 
water.  Thus,  water  being  regarded  as  unity  =  1,  the  relative  weight, 
or  specific  weight,  of  ether  is  represented  l)y  the  figures  .720  (it  is 
nearly  three-fourths,  .750,  the  weight  of  water),  oil  of  vitriol  by 
1.843  (it  is  nearly  twice,  2.000,  as  heavy  as  water).  The  specific 
weight  of  substances  is,  moreover,  by  generally  accepted  agreement, 
the  weight  of  similar  volumes  at  15°  C.  (59°  i',),  except  in  the  case 
of  alcohol  and  wine,  which  are  at  present  taken  at  15.()°  C.  (60°  F.), 
to  maintain  consistency  with  United  States  laws  and  regulations; 
for  the  weight  of  a  definite  volume  of  any  substance  will  vary 
according  to  temperature,  becoming  heavier  when  cooled  and  lighter 
when  heated,  difi'ercnt  bodies  (gases  excepted)  differing  in  their  rate 
f^f  contraction  and  expan.«ion.    While,  then,  specific  weight — or, 
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conventionally,  specific  graviti/ — is  truly  the  comparative  weight  of 
equal  bulks,  the  numbers  which  in  America  commonly  represent 
specific  gravities  are  the  comparative  weights  of"  equal  bulks  at 
15°  C.  (59°  F.),  water  being  taken  as  unity.*  The  standard  of  com- 
parison for  gases  was  formerly  air,  but  is  now  usually  hydrogen. 

Specific  Gravity  of  Liquids.. 

Procure  any  small  bottle  holding  from  100  to  1000  grains 
(fig.  66)  and  having  a  narrow  neck  ;  counterpoise  it  in  a  deli- 
cate balance  ;  fill  it  to  about  halfway  up  the  neck  with  pure 
distilled  water  having  a  temperature  of  15°  C. ;  ascertain  the 
weight  of  the  water,  and,  for  convenience,  add  or  subtract  a 
drop  or  two,  so  that  the  weight  shall  be  a  round  number  of 
grains ;  mark  the  neck  by  a  diamond  or  file-point  at  the  part 
cut  by  the  lower  edge  of  the  curved  surface  of  the  water. 
Consecutively  fill  up  the  bottle  to  the  neck-mark  with  several 
other  liquids,  cooled  or  warmed  to  15°  C,  first  rinsing  out  the 
bottle  once  or  twice  with  a  small  quantity  of  each  liquid,  and 
note  the  weights ;  the  respective  figures  will  represent  the 
relative  weights  of  equal  bulks  of  the  liquids.  If  the  capacity 
of  the  bottle  is  10,  100,  or  1000  grains,  the  resulting  weights 
will,  without  calculation,  show  the  specific  gravities  of  the 


Fig.  66.  Fig.  67.  Fig.  68.    .       Fig.  69. 


Specific-Gravity  Bottles. 


liquids  ;  if  any  other  number,  a  rule-of-three  sum  must  be 
worked  out  to  ascertain  the  weight  of  the  liquids  as  compared 
with  1  (or  1.000)  of  water.    Bottles  conveniently  adjusted  to 

*  The  true  weight  of  the  body  is  its  weight  in  air  plus  the  weight 
of  an  equal  bulk  of  air,  and  minus  the  weight  of  a  bulk  of  air  equal 
to  the  bulk  of  brass  or  other  weights  employed ;  or,  in  other  words, 
its  weight  in  vacuo  uninfluenced  by  the  buoyancy  of  the  air;  but  .such 
a  correction  of  the  weiglit  of  a  body  is  seldom  necessary,  or,  indeed, 
desirable.  Demily  is  sometimes  improperly  regarded  as  synonymous 
with  specific  gravity.  It  is  true  tliat  tlie  density  of  a  body  is  in  exact 
proportion  to  its  specific  gravity,  but  the  former  is  more  correctly  the 
comparative  bulk  of  equal  weights,  while  specific  gravity  is  tlie  com- 
parative weight  of  equal  bulks. 
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contain  250,  500,  or  1000  grains,  or  100  or  50  grammes,  of 
water  when  filled  to  the  top  of  their  perforated  stopper  (Fig. 
68),  and  other  forms  of  the  instrument  (Figs.  67  and  69),  are 
sold  by  all  chemical-apparatus  makers.  Figure  69  is  that  of  a 
bottle  extremely  useful  in  ascertaining  the  specific  gravities  of 
very  volatile  liquids. 

Yerify  .some  of  the  following  stated  specific  gravities  of  substances 
official  in  the  U.  S.  Phariuacopceia,  ]8<SU: — 

Acid, 


,  Acetic   1.048 

•    "     dil  1.0083 

"     Glacial...  1.056-1 .058 

Hydrobromic  dil   1.0T7 

Hydrochloric   1 .160 

dil   1.049 

Lactic   1.212 

Nitric   1.420 

"    dil   1.059 

Oleic  800-.810 

Phosphoric   1.347 

dil   1.057 

Sulphuric   1.840 

"      Aromat  955 

"      dil   1.067 

Sulphurous  1.022-1.023 

^ther  750 

"    Acetic  889-.897 

"    Fortior  725 

Alcohol  820 

"     dil  928 

Amyl  Nitri.s  872-.874 

Aq.  Ammon  959 

"        "     Fort  900 

Bals.  Peru  1.135-1.150 

Benzinum  670-675 

Bromuni   2.990 

Camphora  990-.995 

Carbonci  Bisulphidum   1.272 

Cera  Alba  0.96.5-0.975 

Cera  Flava  95.5-.967 

Cetacouiii   0.945 

Chloroform  Purif.  1 .48.5-1 .490 

"        Venali  1.470 

Copaiba  940-.993 

Creosote  1.035-1.085 

Fel  Bovis  1.018-1.028 

(ilycerinuin  .    1.250 

Ilydrar^ryrum    13.5 

lodoformum   2.00 

Liq.  Ammon.  Acet   1.022 


u 
u 
II 
u 
(I 
il 
li 
II 
II 
u 


Ferri 
u 

u 

il 

u 


Mel 


Liq.  Calcis  1.0015 

Acetatis   1.160 

Chloridi   1.405 

Citratis   1.260 

Nitratis   1.050 

Subsulph   1.555 

Tersulph   1.320 

Hydrarg.  Nit   2.100 

Plumbi  Subacetatis...  1.228 

Potassag   1.036 

Potassii  Citratis   1.059 

Sodse   1.059 

"   ChloratiB   1.044 

Sodii  Silicatis ...  1 .300-1 .400 

Zinci  Chlor   1.555 

 1.101-1.105 

Oleum  Adipis  0.900-0.920 

"      ^thereum   0.910 

„  A        1   .         f  1.060-1.070 
Amygd.  Amar.  I  J  Q43_j_Q43 

"     Express...  .914-.920 

Anisi  976-.990 

Aurantii  Cort  860 

"       Flor...  .850-.890 

Bergamii  860-.890 

Cajuputi   .920 

Cari  920 

Caryoph   1.050 

Chenapodii  920 

Cinnamomi  {Cei/Ioii)  1.040 
"       {Chinese)  1.060 

Copaiba  890 

Coriandri  870 

Cubcbse...  920 

Erigerontis  850 

Eucalypti  900 

Fceniculi  960 

Gaultheria?   1.180 

Go.ssypii  Sem...  .920-.9,30 

Hcdeomo3  940 

•Tun  i  peri  870 
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Oleum  Lavendulas  890 

"  "        Flor  890 

"     Limonis  850 

"     Lini  936 

"     Menth.  Pip  900 

"         "      Vii-id  900 

"     Morrhu£E  y20-.925 

"     Myrcife   J. 040 

"     Myristicae  930 

"     Olivoe  915-.9i8 

"     Picis  Liqulda  970 

"     Pimentae   1.040 

"     Ricini  950-.970 

"     Rosse  860 

"     Rosmarini  900 

"     Rutse  880 

"     Sabinse  910 

"     Santali  945 

"     Sassafras   1.090 

"     Sesami  914-.923 


Sinapis  Vol  1.017-1.021 


Oleum  Succini  920 

"     Terebinthinse  855-.870 

"     Thymi  880 

"     Tiglii  940-.955 

Valerianae   950 

Petrolatum  835-.860 

Phosphorus  (at  50°  F.)   1.83 

Resina  1.070-1.080 

Sp.  ^Etheris  Nitrosi...  .823-825 

"   Ammoniae  810 

"    Ammoniae  Aromat  885 

"   Frumenti  930-.917 

"   Vini  Gallici  941-.925 

Syrupus   1.310 

Svr.  Acidi  Hydriodici   1.300 

Thymol   1.028 

Tinct.  Ferri  Acetatis   0.950 

"        "    Chloridi   0.980 

Vinum  Album  990-1.010 

"     Rubrum  989-1.010 

Zincum   6.9 


Hydrometers. — The  specific  gravdty  of  liquids  may  be  ascertained 
without  scales  and  weights  by  means  of  a  hi/drometer,  an  instru- 
ment usually  of  glass,  having  a  graduated  stem  and  a  bulb  or  bulbs 
at  the  lower  part.  The  specific  gravity  of  a  liquid  is  indicated  by 
the  depth  to  M-hich  the  hydrometer  sinks  in  the  liquid,  the  zero  of 
the  scale  marking  the  depth  to  which  it  sinks  in  pure  water.  Hydrom- 
eters constructed  for  special  purposes  are  known  under  the  names 
of  saccharometer,  galactometer,  elaeometer,  urinometer,  alcohol- 
ometer. Hydrometers  require  a  considerable  quantity  of  liquid  to 
fairly  float  them,  and  specific  gravities  observed  with  them  are  less 
delicate  and  trustworthy  than  those  obtained  by  the  balance  ;  never- 
theless, they  are  exceedingly  useful  for  many  practical  purposes  where 
the  employment  of  a  delicate  balance  would  be  inadmissible. 

Specific  Gravity  of  Solids  in  Mass. 

Weigh  a  piece  (50  to  250  grains)  of  any  solid  substance 
heavier  than  water  in  the  usual  manner.  Then  weigh  it  in 
water  by  suspending  it  from  a  shortened  balance-pan  by  a  fine 
thread  or  hair  and  immersing  in  a  vessel  of  water  (Fig.  70). 
The  buoyant  properties  of  the  water  will  cause  the  solid  ap- 
parently to  lose  weight ;  this  loss  in  weight  is  the  exact  weight 
of  cm  equal  hulk  of  water.  The  weight  of  the  substance  and 
the  weight  of  an  equal  bulk  of  water  being  thus  ascertained, 
a  rule-of-three  sum  shows  the  proportional  weight  of  the  sub- 
stance to  1.000  of  water.  To  express  the  same  thing  by  rule, 
divide  the  weight  in  air  by  the  loss  of  weight  in  water ;  the 
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resulting  number  is  the  specific  gravity  in  relation  to  1  part  of 
water,  the  conventional  standard  of  comparison. 


Fig.  70. 


]C 


Weighing  a  Solid  in  Water. 
Verify  some  of  the  following  specific  gravities : — 


Aluminium   2.56 

Antimony   6.71 

Bismuth   9.83 

Coins,  English,  gold   17.69 

"  "       silver   10.30 

"  "       bronze   8.70 

Copper   8.95 

Gold   19.34 

Iron   7.84 


Lead   11.36 

Magnesium   1.74 

Marble   -2.70 

Phosphorus   1.77 

Platinum   21.53 

Silver   10.53 

Sulphur   2.05 

Tin   7.29 

Zinc   7.14 


Specific  gravities  of  solid  substances  should  be  taken  in  water 
having  a  temperature  of  about  15°  C.  (59°  F.).  The  body  should  be 
immersed  about  half  an  inch  below  the  surface  of  the  water;  adher- 
ing air-bubbles  must  be  carefully  removed  ;  the  body  must  be  quite 
insoluble  in  water. 

(For  a  Table  of  the  specific  gi-avities  of  a  large  number  of  fatty 
and  rcsinoid  substances  see  the  Pharmaceutical  Journal  for  Oct.  11, 
1879.) 


Specific  Gravity  op  Solids  in  Powder  or  Small 
Fragments. 

Weigh  the  particles ;  place  them  in  a  counterpoised  specific- 
gravity  bottle  of  known  capacity,  and  fill  up  with  water,  taking 
cure  that  the  substance  is  thoroughly  wetted  ;  again  weigh. 
From  the  combined  weights  of  water  and  substance  subtract 
the  amount  due  to  the  substance  ;  the  residue  is  the  weight  of 
4(i  » 
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the  water.  Subtract  this  weight  of  water  from  the  quantity 
which  the  bottle  normally  contains ;  the  residue  is  the  amount 
of  water  displaced  by  the  substance.  Having  thus  obtained 
the  weights  of  equal  bulks  of  water  and  substance,  a  rule-of- 
three  sum  shows  the  relation  of  the  weight  of  the  substance  to 
1  part  of  water — the  specific  gravity. 

Or  suspend  a  cup,  short  glass  tube,  or  bucket  from  a  short- 
ened balance-pan  ;  immerse  in  water  ;  counterpoise  ;  place  the 
weighed  powder  in  the  cup,  and  proceed  as  directed  for  taking 
the  specific  gravity  of  a  solid  in  mass. 

This  operation  may  be  conducted  on  fragments  of  any  of  the  sub- 
stances the  specific  gravities  of  which  are  given  in  the  foregoing 
Table,  or  on  a  powdered  piece  of  marble  the  specific  gravity  of 
which  has  been  taken  in  mass.  The  specific  gravity  of  one  piece  of 
gl.ass,  first  in  mass,  then  in  powder,  may  be  ascertained :  the  result 
should  be  identical.  The  specific  gravity  of  shot  is  about  11.350; 
sand,  2.600 ;  mercury,  13.56. 

Specific  Gravity  of  Solids  Soluble  in  Water. 

Weigh  a  piece  of  sugar  or  other  substance  soluble  in  water  ; 
suspend  it  from  a  balance  in  the  usual  manner,  and  weigh  it  in 
turpentine,  benzol,  or  petroleum,  the  specific  gravity  of  which 
is  known  or  has  been  previously  determined  ;  the  loss  in  weight 
is  the  weight  of  an  equal  bulk  of  the  turpentine.  Ascertain 
the  weight  of  an  equal  bulk  of  water  by  calculation  : — 

Sp.  gr.  of  .  sp.  gr.  of  .  .  observed  .  equal  bulk 
turpentine    '        water       '   '    bulk  of  turp.    '      of  water. 

The  exact  weights  of  equal  bulks  of  sugar  and  water  being 
obtained,  the  weight  of  a  bulk  of  sugar  corresponding  to  1.000 
of  water  is  shown  by  a  rule-of-three  sum  ;  in  other  words, 
divide  the  weight  of  sugar  by  that  of  the  equal  bulk  of  water  ; 
the  quotient  is  the  specific  gravity  of  sugar.  The  stated  specific 
gravity  of  the  sugar  ranges  from  1.590  to  1.607. 

Specific  Gravity  of  Solids  Lighter  than  Water. 

This  is  obtained  in  a  manner  similar  to  that  for  solids 
heavier  than  water ;  but  the  light  body  is  sunk  by  help  of  a 
piece  of  heavy  metal,  the  bulk  of  water  which  the  latter  dis- 
places being  deducted  from  the  bulk  displaced  by  both ;  the 
remainder  is  the  weight  of  a  bulk  of  water  equal  to  the  bulk 
of  the  light  body.  For  instance,  a  piece  of  wood  weighing  12 
grammes  (or  grains)  is  tied  to  a  piece  of  metal  weighing  22 
grammes,  the  loss  of  weight  of  the  metal  in  water  having  been 
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previously  found  to  be  3  grammes.  The  two,  weighing  34 
grammes,  are  now  immersed,  and  the  loss  in  weight  found  to 
be  26  grammes.  But  of  this  loss  3  grammes  have  been  proved 
to  be  due  to  the  buoyant  action  of  the  water  on  the  lead ;  the 
remaining  23  therefore  represent  the  same  effect  on  the  wood ; 
23  and  12  therefore  represent  the  weights  of  equal  bulks  of 
water  and  wood.  As  23  are  to  12,  so  is  1  to  .5217.  Or, 
shortly,  as  before,  divide  the  weight  in  air  by  the  weight  of  an 
equal  bulk  of  water;  .5217  is  the  specific  gravity  of  the  wood. 
Another  specimen  of  wood  may  be  found  to  be  three-fourths 
(.750)  the  weight  of  water,  and  others  heavier.  Cork  varies 
from  .100  to  .300. 

Specific  Gravity  of  Gases. 

This  operation  is  similar  to  that  for  liquids.  A  globe  exhausted 
of  air  and  holding  from  1  to  4  litres  (or  quarts)  is  suspended  from 
the  arm  of  a  balance,  and  counterpoised  by  a  similar  ilask.  Gases 
arc  introduced  in  succession  and  their  weights  noted.  A  rule-of- 
three  sum  shows  their  specific  gravity  in  relation  to  air  or  hydrogen, 
whichever  be  taken  as  a  standard. 

Correction  of  the  Volume  of  Gases  for  Pressure. — The  height  of 
the  barometer  at  the  time  of  manipulation  is  noted.  Remembei'ing 
the  fact  that  "  the  bulk  of  a  gas  is  inversely  as  the  pi-essure  to  which 
it  is  subjected"  (Boyle  and  Mariotte),  a  simple  calculation  shows 
the  volume  which  the  gas  would  occupy  at  760  millimetres  (or 
29.922  inches),  the  standard  pressure  (30  inches  is  sometimes  adopted 
as  the  standard  in  England*).  Thus,  40  volumes  of  a  gas  at  740 
millimetres  pressure  are  reduced  to  39  when  the  pressure  becomes 
760  millimetres  (or  90  vols,  at  29  ins.  barom.  become  87  vols,  at  30 
inches.) 

Correction  of  the  Volume  of  Gases  for  Temperature. — This  is  done 
in  order  to  ascertain  what  volume  the  gas  would  occupy  at  0°  C.  (32° 
F.),  or  15°  C.  (.59°  F.),  or  15°.5  C.  (60°  F.),  according  to  the  standard 
taken.  Gases  arc  equally  affected  by  equal  variations  in  tempera- 
ture (Charles).  They  expand  about  0.3665f  per  cent.  (077)  of  their 
volume  at  the  freezing-point  of  loater  for  every  C.  degree  (L).2036),  or 


*  In  France  the  conventional  standard  height  of  the  barometer  is 
760  millimetres  at  0°  C.  (32°  F.);  in  England  it  is  .'iO  inches,  the 
temperature  of  tlie  mercurial  column  being  00°  F.  7G0  milliins.  is 
equivalent  to  29.922  inches,  \mt  the  expansion  of  the  metal  between 
32°  F.  and  G0°  F.  increases  the  length  of  tho  coluiiui  to  30.005  inches. 
The  standards  are  therefore  almost  identical,  diOerenco  in  true  length 
being  coimterbalanced  by  the  temperature  at  which  the  length  is  ob- 
served. 

t  Corrected  for  the  difTerence  between  the  mercurial  and  air  thermo- 
meters, the  coefficient  of  expansion  of  air  is  0.00.36.5G  (Miller).  The 
coefficient  of  expansion  of  different  gases  varies  very  slightly,  being 
somewhat  higher  for  the  more  liquefiable  gases. 
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■fl-Y  for  every  F.  degree  (Regnault).  Tlius,  8  volumes  of  gas  at  0° 
0.  will  become  8.293  at  10°  C. ;  for  if  100  become  103.665  on  being 
increased  in  temperature  10°  C,  8  will  become  8.293  (or  if  100  be- 
come 102.036  on  being  increased  10°  F.,  8  will  become  8.1629). 

Vapor-Densifi/. — Vapors  are  those  gases  which  condense  to  liquids 
at  common  temperatures.  By  the  density  of  a  vapor  is  meant  its 
specific  gravity.  The  density  of  a  vapor  is  the  ratio  of  any  given 
volume  to  a  similar  volume  of  air  or  hydrogen  at  the  same  tempera- 
ture and  pressure.  But  for  convenience  of  comparison  this  experi- 
mental specific  gravity  is  referred,  by  calculation  as  just  described 
for  permanent  gases,  to  a  temperature  of  0°  C.  and  760  millimetres 
barom.  A  teaspoonful  or  so  of  liquid  is  placed  in  a  weighed  flask 
of  about  the  capacity  of  a  common  tumbler  and  having  a  capillary 
neck  ;  the  flask  is  heated  in  an  oil-bath  to  a  temperature  considerably 
above  the  boiling-point  of  the  liquid ;  at  the  moment  vapor  ceases 
to  escape  the  neck  is  sealed  by  a  blowpipe-flame  and  the  tempera- 
ture of  the  bath  noted ;  the  flask  is  then  removed,  cooled,  cleaned, 
and  weighed  ;  the  height  of  the  barometer  is  also  taken.  The  neck 
of  the  flask  is  next  broken  oft'  beneath  the  surface  of  water  or  mer- 
cury (which  rushes  in  and  fills  it),  and  again  weighed,  by  which  its 
capacity  in  cub.  centims.  is  found.  From  these  data  the  volume  of 
vapor  yielded  by  a  given  weight  of  liquid  is  ascertained  by  a  few 
obvious  calculations.  The  capacity  of  the  globe  having  been  ascer- 
tained, the  weight  of  an  equal  bulk  of  air*  is  obtained  by  a  rule-of- 
thrce  sum.  This  weight  of  air  is  deducted  from  the  original  weight 
of  the  flask,  which  gives  the  true  weight  of  the  glass.  The  weight 
of  the  glass  is  next  subtracted  from  the  M'eight  of  the  flask  and  con- 
tained vapor  (now  condensed),  which  gives  the  weight  of  material 
used  in  the  experiment.  The  volume  which  this  weight  of  material 
occupied  at  the  time  of  experiment  is  next  corrected  for  temperature 
(to  0°  C.)  and  pressure  (760  millimetres)  in  the  manner  just  described. 
The  weight  of  a  similar  volume  of  hydrogen  is  next  found.j  The 
weights  of  equal  volumes  of  hydrogen  and  vapor  being  thus  deter- 
mined, the  amount  of  vapor  corresponding  to  one  of  hydrogen  (the 
specific  gravity  or  vapor-density)  is  shown  by  a  short  calculation. 
This  process  of  finding  the  weight  of  a  given  volume  of  vapor  is  by 
Dumas.  Gay-Lussac's  consists  in  determining  the  volume  of  a  given 
weight ;  it  has  been  improved  by  Hofmann.  An  excellent  method 
by  V.  and  C.  Meyer  consists,  like  that  of  Gay-Lussac,  in  determin- 

*  1  cub.  centim.  of  air  at  0°  C.  and  760  millims.  weighs  0.001293 
gramme. 

fl  litre  (1000  cub.  centims.)  of  hydrogen  at  0°  C.  and  760  milli- 
metres (the  barometer  being  at  0°  C.)  weighs  0.0896  gramme — a  quan- 
tity sometimes  termed  a  crith  (from  KpiOi'/,  krithe,  a.  barley-corn — figu- 
ratively, a  small  weight) ;  thus  a  litre  of  o.xygen  weighs  16  criths, 
chlorine  35.5  criths,  etc.  100  cubic  inches  of  hydrogen  at  32°  F.  weigh 
2.265  grains;  at  60°  F.,  2.143  grains  (the  barometer  being  30  ins.  at 
60°  F.  in  both  cases).  100  cubic  inches  of  air  at  32°  F.  weigh  32.098 
grains;  at  60°  F..  30.935  (barom.  30  ins.  at  60°  F.).  1  cubic  inch  of 
water  weighs  252.5  (252  458  at  62°  F.  and  30  ins.  bar.)  grains.  1  gallon 
of  water  contains  277]  (277.274  at  62°  F.)  cubic  inches. 
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inn;  the  volume  of  the  vapor  of  a  fjiven  weight  of  a  fluid  or  solid,  but 
differs  in  the  volumo  of  the  vapor  being  aseortaincd  from  an  equal 
vokune  of  air  which  the  vapor  is  made  to  displace.  (For  a  detailed 
description  of  this  method  and  a  drawing  of  the  apparatus  see  Phar- 
miiceutical  Journal,  May  17,  1879.) 

Experiment  shows  that  the  specific  gravities  of  many  gases  and 
vapors  on  the  hydrogen  scale,  and  the  proportions  in  which  they 
combine  by  weight,  are  identical.  Thus,  chlorine  is  35. -5  times  as 
heavy  as  hydrogen,  and  35.5  parts  unite  with  1  of  hydrogen  to  form 
hydrochloric  acid  gas.  Hence,  if  the  specific  gravity  of  a  gas  or 
vapor  is  known,  its  combining  proportion  may  be  predicated  with 
reasonable  certainty,  and  vice  versa.  In  applying  this  rule  to  gas- 
eous or  vaporous  compounds  attention  must  be  paid  to  the  extent  to 
which  their  constituent  gases  contract  at  the  moment  of  combination 
or  expand  at  the  moment  of  decomposition.  Thus,  steam  is  found  to 
be  composed  of  two  volumes  of  hydrogen  and  one  of  oxygen,  the 
three  volumes  of  constituents  condensing  to  two  at  the  moment  of 
combination.  Hence,  steam  may  be  expected  to  be  nine  times  as 
heavy  as  hydrogen  ;  which  experiment  confirms. 

These  relations  may  be  so  expressed  as  to  include  both  element- 
ary and  compound  gases  and  vapors ;  thus,  molecular  tceigJits  and 
specific  weights  are  identical.  Molecular  weights  represent  two 
volumes  of  a  gas ;  specific  gravity  conventionally  represents  the 
relative  weight  of  a  gas  compared  with  1  volume  of  hydrogen  or 
air ;  hence  the  specific  gravity  of  a  gas  or  vapor  on  the  H  scale  is 
found  by  calculation  on  simply  dividing  the  molecular  weight  by  2; 
on  the  air-scale,  by  dividing  the  hydrogen  numbers  by  14.44.  For 
example, 

Specific  Gravity. 

N.ime. 

Hydrogen  .  .  . 
Chlorine  .  .  . 
Oxygen  .  .  . 
Nitrogen  .  .  . 
Steam  .... 
Ammonia  gas 
Carbonic  acid  gas 
Alcohol  (vapor) 
Air  


JlnlocTiInr 
formula. 

Moleoilnr 
weiglit. 

II  =  2. 

H  =  l. 

Air  =  l. 

.  H, 

2 

2 

1 

.069 

.  CI, 
.  0, 

71 

71 

35.5 

2.460 

32 

32 

16 

1.108 

.  N, 

28 

28 

14 

.970 

•  H.,0 

18 

18 

9 

.625 

•  NII3 

17 

17 

8.5 

.589 

.  CO2 

44 

44 

22 

1.524 

.  C,H,0 

46 

46 

23 

1.593 

28.88 

14.44 

1.000 

These  .specific  gravities  closely  correspond  with  those  obtained  by 
actual  experiment.  The  specific  gravity  of  any  gas  or  vapor  may 
therefore  be  calculated  if  the  following  data  are  at  hand:  («)  form- 
ula, {h)  atomic  weight  of  constituent  elements ;  these  give  the  mo- 
lecular weight,  and  the  7noleciilar  iveiglii  divided  hij  2  is  Ihe  specific 
gravitij  on  the  hydrogen-scale.  Specific  gravity  on  the  air-scale  is 
then  deducjl)le,  if  ('•)  the  specific  gravity  of  air  (14.44)  in  relation 
to  hydrogen  be  remembered.  The  absolute  weight  of  any  volume 
of  a  gas  or  vapor  on  the  metric  system  is  then  obtainable  if  {d)  the 
weight  of  a  litre  of  hydrogen  (0.0896  gramme)  be  known,  or  on  the 
English  plan  by  remembering  (e)  that  100  cubic  inches  of  hydrogen 
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at  60°  F.  weigh  2.143  grains  (100  cubic  inches  of  air  at  00°  F.  woigli 
30.935  grains). 

In  confirmation  of  these  statements  regarding  the  mutual  relation 
of  specific  gravity  and  atomic  weight  a  remarkal)le  fact  may  be  men- 
tioned. Regnault  several  years  ago  found  the  weights  of  1  litre  of  hy- 
drogen and  oxygen  to  be  respectively  .089578  and  1.429802  grammes. 
The  latter  number  divided  by  the  former  gives  15.90  as  the  specific 
gravity  of  oxygen.  Stas,  in  recent  experimental  researches  on  com- 
bining proportions,  finds  the  atomic  weight  of  oxygen  to  be  not  IG, 
but  15.96. 

Exceptions  to  the  law  occur  in  a  few  compounds  and  in  arsen- 
icum  and  phosphorus,  whose  vapor-densities  are  twice  that  indicated 
by  the  rule.  Possibly,  in  these  cases  the  temperature  emploj'ed  is 
insufficient  to  dissociate  an  unusually  complex  molecule  into  mole- 
cules of  usual  complexity.  As  regards  compounds,  and,  possibly, 
as  regards  those  elements  in  which  the  observed  density  is  only  half 
that  indicated  by  the  rule,  hsat  may,  and  in  some  cases  probably 
does,  produce  molecular  dissociation  {thermoli/sis)  into  free  atoms 
(uniatomic  molecules)  or  into  less  complex  molecules. 

Relation  of  the  Specific  Heat  of  Elements  to  their  Atomic  Weights. 
— Reference  may  here  appropriately  be  made  to  a  physical  fact  of 
great  importance  as  regards  molecular  and  atomic  weights.  In  the 
earlier  pages  of  this  manual  it  was  stated  that  elements  do  not  com- 
bine chemically  in  haphazard  proportions,  but  in  fixed  weights ;  and 
abundant  evidence  of  the  truth  of  the  statement  has  already  been 
afforded,  and  will  also  be  found  in  this  section  on  Quantitative  An- 
alysis. Secondly,  it  has  been  shown  that  elements  do  not  combine 
in  haphazard  proportions  by  volume,  but  in  certain  constant  bulks ; 
and  the  weights  of  these  bulks  have  been  found  to  be  identical  with 
the  combining  weights  themselves.  Thirdly  (this  is  the  point  to 
which  attention  is  now  drawn),  if  equal  amounts  of  heat  be  given 
to  elements  in  the  solid  state  (that  is,  to  solid  elements  or  to  solid 
compounds  of  volatile  elements),  and  the  quantity  of  the  element  be 
increased  or  diminished  until  each  is  thus  heated  through  an  equal 
number  of  degrees,  it  will  be  found  that  the  different  weijihts  of  ele- 
ments  i-equired  are  (in  relation  to  a  common  standard)  identical  with 
the  combining  weights  of  the  elements  and  with  the  weights  of  the 
combining  volume  of  the  elements.  Thus,  M'here  108  parts  of  silver 
would  be  employed,  207  of  lead  would  be  necessary.*  Hence,  in  the 
determination  of  («)  combining  proportion,  {b)  specific  gravity  in 
gaseous  state,  and  (r)  specific  heat,  three  distinct  methods  of  ascer- 
taining atomic  weight  are  available.    In  cases  where  one  method  is 


*  Obviously,  if  equal  weights  of  silver  and  lead  were  heated  through 
an  equal  number  of  degrees,  the  silver  would  absorb  nearly  twice  as 
much  heat  as  the  lead.  In  fact,  as  regards  all  the  solid  elements,  "spe- 
cific heats  and  atomic  weights  are  inversely  proportional."  This  law 
was  discovered  by  Dulong  and  Petit.  It  follows  that  the  product  of 
the  multiplici'itiou  of  the  figures  representing  the  specific  heat  of  an 
element  with  the  figures  representing  its  atomic  weight  is,  in  the  case 
of  every  such  element,  the  same  number. 


SPECIFIC  GRAVITY. 


551 


inapplicable,  recourse  is  had  to  either,  or,  if  practicable,  both,  of  the 
others,  and  thus  the  trustworthiness  of  observations  and  generaliza- 
tions placed  more  or  less  beyond  question.  The  specific  heat  of  a 
solid  element  is  the  same  in  the  free  as  in  the  combined  condition ; 
therefore  the  specific  heat  of  a  molecule  is  the  sum  of  the  specific 
heat  of  its  constituent  atoms.  From  the  specific  heat  of  a  solid 
i-onipound  of  a  volatile  element  (ciilorine,  for  e.xampk^)  can  thus  be 
caUuilated  the  specific  heat  of  an  element  in  the  .solid  state,  even 
though  the  free  element  cannot  itself  be  solidified.  For  tiie  pro- 
cesses by  which  experimentally  to  determine  specific  heat  the  reader 
is  referred  to  books  on  Physics. 

There  is  equivalency,  also,  between  electrical  and  chemical  action. 
The  amount  of  electricity  which  would  set  free  127  parts  of  iodine 
would  set  free  80  parts  of  bromine. 


QUESTIONS  AND  EXERCISES. 

971.  Define  specific  weight,  or,  as  it  is  commonly  termed,  specific 
gravity. 

972.  In  speaking  of  light  and  heavy  bodies  especially,  what  stand- 
ard of  comparison  is  conventionally  employed  ? 

973.  How  are  specific  gravities  expressed  in  figures  ? 

974.  AVhy  should  specific  gravities  be  taken  at  one  constant  tem- 
perature ? 

975.  How  does  the  buoyancy  of  air  affect  the  real  weight  of  any 
material? 

976.  Describe  the  difference  between  density  and  specific  gravity. 

977.  Give  a  direct  method  for  the  determination  of  the  specific 
gravity  of  liquids. 

978.  A  certain  bottle  holds  150  parts,  by  weight,  of  water  or 
1.35.7  of  spirit  of  wine;  what  is  the  specific  gravity  of  the  latter? 
Aii.i.  0.9046. 

978«.  An  imperial  fluidounce  of  a  liquid  weighs  366^  grains ; 
what  is  its  spucific  gravity?  Au.s.  .838. 

979.  Equal  volumes  of  benzol  and  glycerin  weigh  34  and  49  parts 
respectively,  and  the  sp.  gr.  of  the  benzol  is  0.850 ;  what  is  the  spe- 
cific gravity  of  the  glycerin?  Aiis.  1.225. 

980.  E.xplain  the  process  employed  in  taking  the  specific  gravity 
of  solid  substances  in  mass  and  in  powder. 

981.  State  the  method  by  which  the  specific  gravity  of  a  light 
body,  such  as  cork,  is  ol)tained. 

9.S2.  What  modifications  of  the  usual  method  are  necessary  in 
ascertaining  the  specific  gravity  of  substances  solul)le  in  water? 

983.  How  is  the  specific  gravity  of  gases  determined? 

984.  By  what  law  can  the  volume  of  a  gas  at  any  required  pres- 
sure be  deduced  from  its  observed  volume  at  another  pressure  ? 

985.  To  what  extent  will  78  volumes  of  a  gas  at  22.3  inches 
barometer  alter  in  bulk  when  the  pressure,  as  indicated  by  the 
barometer,  is  30.2  inches? 
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986.  Write  a  short  account  of  the  means  hj  which  the  volumes 
of  gases  are  corrected  for  teiiiperafure. 

987.  At  the  temperature  of  15°  C.  40  volumes  (litres,  pints, 
ounces,  cubic  feet,  or  other  quantity)  of  a  gas  are  measured.  To 
what  extent  will  this  amount  of  gas  contract  on  being  cooled  to  the 
freezing-point  of  water  (0°-C.)? 

Answer.  As  1  vol.  of  any  gas  at  zero  expands  or  contracts  .003665 
of  a  vol.  for  each  rise  or  fall  of  1°  C,  1  vol.  at  0°  C,  if  heated  to  15° 
C,  will  become  increased  by  .054975  (that  is  .003665  multiplied  by 
15);  1  vol.  will  expand  to  1.054975.  Conversely,  1.054975  vol.  will 
contract  to  1  vol.  if  cooled  from  15°  C.  to  0°  C.  And  if  1.054975 
becomes  1  in  cooling  through  15°  C,  40  vols,  will  (as  found  by  rule 
of  three)  contract  to  37.916. 

The  following  five  problems  and  solutions  are  from  Williamson's 
Chemistry : — 

988.  10  litres  of  oxygen  are  measured  ofiP  at  14°  F.  Required 
the  volume  of  the  gas  at  15°  C. 

Ajiswer.  The  first  operation  must  be  to  reduce  the  temperature 
quoted  in  Fahrenheit's  degrees  to  an  equivalent  value  on  the  Centi- 
grade scale.  14°  F.  is  18°  below  32°  F.,  the  freezing-point  of  water, 
and  a  range  of  9°  on  the  Fahrenheit  scale  is  equal  to  a  range  of  5° 
on  the  Centigrade  scale,  so  that  the  temperature  at  which  the  oxygen 
is  measured  ofi"  is  — 10°  C.  The  rise  of  temperature  up  to  0°  ex- 
pands the  gas  in  such  proportion  that  its  volume  at  0°  is  to  its  vol- 
ume at  — 10  as  ]  is  to  1  —  0.03665  ;  i.  e.  as  1  to  0.96335.  The  further 
rise  of  temperature  from  0°  C.  to  15°  expands  the  gas  in  the  propor- 
tion of  1  to  1  +  15  X  0.003665 ;  i.  e.  1  to  1.054975.  The  total  rise 
of  temperature  therefore  expands  the  gas  in  the  proportion  of 
of  0.96335  to  1.054975. 

0.96335  :  1.054975  :  :  10  :  a;; 
10  X  1.054975 
0.96335 

989.  230  cubic  centimetres  of  oxygen  are  measured  off  at  14°  C. 
and  740  millimetres  mei-curial  pressure.  Required  the  volume  of 
the  gas  at  the  normal  temperature  and  pressure  (0°  C.  and  760 
millimetres). 

Answer.  Let  the  reduction  for  change  of  temperature  be  made 
first.    The  proportion 

1  +  (M  X  0.003665)  :  1  :  :  230  :  a; 

gives 

230  oiQ—^ 
x  =  =  218.  n  4. 

1.05131 

To  reduce  this  volume  of  740  millimetres  pressure  to  the  volume 
corresponding  to  the  pressure  of  760  millimetres,  we  have  the 
proportion 

38  :  37  :  :  218.77  :  x; 

whence 

^_3JLX_21M7  ^213.02. 
38 
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991).  A  litro  of  oxyijon  is  ooiifinod  in  a  ijlass  flask  at  H)°  C.  ))y  the 
atinospliorii;  pressure,  added  to  tliat  ol' a  column  ol' mercury  (iO  milli- 
metres hiirh.  'I'ho  flask  must  be  heated  to  ;iUl)°  (J.  without  any  in- 
crease of  volume  taking  place  in  the  oxygen,  llow  high  must  the 
c  i)lunin  of  mercury  tlien  be  which  presses  on  the  gas,  supposing  the 
atmospheric  pressure  to  remain  constant  at  700  millimetres? 

Annwi'r.  Tlie  oxygen  is  given  at  10°  C.  and  820  millinu^tres  pres- 
sure. If  the  pressure  remained  constant,  the  rise  of  temperature 
from  10°  C.  to  800°  C.  would  expand  the  gas  in  such  proportion 
that  l.OSBdo  volumes  would  expand  to  2.0995  voUimes.  In  order  to 
])revent  any  expansion  the  pressure  must  be  increased  in  the  same 
proportion,  whence 

1.03665  :  2.0995  :  :  820  :  x  ; 
820  X  2.0995 
1.036G5 

From  this  total  pressure  the  atmospheric  pressure  of  760  millimetres 
has  to  bo  deducted,  leaving  900.6  millimetres  as  the  height  of  the 
required  mercurial  column. 

991.  A  litre  of  oxygen  is  required  of  the  density  of  100  at  0°  C. 
What  weight  of  potassic  chlorate  must  be  used  for  its  preparatioa, 
and  what  total  pressure  must  be  applied  to  it? 

Answer.  The  pressure  rec(uired  to  compress  oxygen  from  the  den- 
sity of  16  to  that  of  100  is  found  Ijy  the  proportion 

16  :  100  :  :  760  :  x  ; 

.-..  =  1^^  =  4750. 

16 

At  the  pressure  of  4750  millimetres  of  mercury  the  weight  of  a  liti'o 
of  oxygen  (16  grammes  measure  11.2  litres  at  0°  C.  and  760  millims. 
pressure)  is  found  l)y  the  proportion 

760  :  4750  :  :  ^  :  x-. 

11.2  ' 

whence 

_  16  X4750 


11.2X760 


8.93  grammes. 


The  weight  of  chlorate  required  for  the  evolution  of  8.93  grammes 
of  oxygen  is  found  from  the  proportion 

48  :  122.5  :  :  8.93  :  x; 
.'.  X  ~  22.8  grammes. 

902.  What  is  the  volume  of  12  grammes  of  hydrogen  at  15°  C? 

Annwer.  One  gramme  of  hydrogen  measures  I  1.2  litres  at  ()°  C. ; 
therefore  12  grammes  measure  1 2  X  1 1  =  1 34.4  litres  at  0°.  To 
find  their  volume  at  15°  C.  we  have  the  proportion 

1  :  1  t-  15  X0.003665  :  :  134.4  :  x; 

■17 
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whence 

X  =  134.4  X  1.054975  =  141.788  litres. 
993.  AVhiit  interest  for  chemists  have  the  specific  heats  of  sul)- 
stances  ? 


VOLUMETRIC  QUANTITATIVE  ANALYSIS. 

Preliminary  Note. — Great  care  should  be  observed  in  selecting  a 
fair  sample  of  any  bulk  of  material  that  is  to  be  examined  either  by 
volumetric  or  ^gravimetric  quantitative  analysis.  If  the  whole  quan- 
tity is  in  separate  parcels,  and  there  is  any  ground  for  believing  that 
the  parcels  differ  in  quality,  they  should,  if  practicable,  be  carefully 
mixed,  or,  technically,  "  bulked."  Small  portions  should  be  taken 
from  diflerent  parts  of  the  resulting  heap  and  well  mixed  in  a  mortur 
or  other  vessel,  or  in  certain  cases  dissolved  and  the  solution  well 
stirred  or  shaken.  A  specimen  of  the  powder  or  a  portion  of  the 
solution  may  then  be  selected  for  analysis. 

Ldrodudiun. — The  operations  of  volumetric  analysis  consist  («) 
in  carrying  out  some  definite  chemical  reaction,  already  well  known 
to  the  operator,  with  {!>)  definite  quantities  of  chemicals  or  salts ;  (-•) 
the  exact  termination  of  tlie  reaction  between  the  two  salts  or  chem- 
icals being  ascertained — usually  by  some  chemical  indicator  {htmu>^, 
starch,  etc.).  A  portion  of  the  chemical  or  salt,  etc.  to  be  tested  is  j 
carefully  weighed.  To  this  is  gradually  added  the  second  chemical 
or  salt  contained  in  the  testing-fluid,  commonly  termed  the  .Stand- 
ard A'olumetric  Solution.  The  usefulness  and,  indeed,  the  prepara- 
tion, of  this  Standard  Solution  is  founded  (as  already  indicated  on 
page  521)  on  some  accurate  initial  gravimetric  operation.  A  weighed 
anfount  of  a  pure  salt  is  dissolved  in  a  given  volume  of  water.  "Ac- 
curately measured  quantities  of  such  a  Standard  Volumetric  Solu- 
tigp  will  obviously  contain  just  as  definite  amounts  of  the  dissolved 
salt  as  if  those  amounts  were  actually  weighed  in  a  balance,  and,  as 
measuring  occupies  less  time  than  weighing,  the  volumetric  opera- 
tions can  be  conducted  with  great  economy  of  time  as  compared  with 
the  corresponding  gravimetric  operations." 

APPARATUS. 

The  only  special  vessels  necessary  in  volumetric  quantitative  oper- 
ations are— 1.  A  litre  flask  (Fig.  72).  which,  when  filled  to  iv  J""';^ 
on  the  neck,  contains 'at  15°  C,  or  about  fiO"  F.,  one  litre  (lOW 
cubic  centimetres — i.  e.  1000  grammes  of  water*)  :  it  serves  for  pre- 
paring solutions  in  quantities  of  one  litre.  2.  A  tall  cylindrical 
f/raduated  litre  jar  (Fig.  71)  divided  into  100  equal  parts;,  it  serves 
for  the  measurement  and  admixture  of  decimal  or  centesimal  parts 


*  A  cubic  centimetre  is,  strictlv  spenking,  the  volume  occupied  by 
one  gramme  of  distilled  water  at  its  point  of  greatest  density— naincly, 
4°  C.;  metrical  measurements,  however,  are  uniformly  taken  at  lo  .oo 
C.  (60°  F.). 
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of  a  litre.  3.  A  ■rriuliiated  tiihc  or  biiretle  (Fig.  73),  whioii,  when 
Hlled  to  0,  holds  JOO  cubic  centiinetref?  (a  decilitre),  and  is  (livided 
into  100  equal  parts ;  it  is  used  for  accurately  measuring  small  vol- 
umes of  liquids. 

Fig.  7L  Fig.  72.  Fig.  73. 


A  litre  jar.  A  litre  flask.  A  burette,  etc. 

The  best  form  of  burette  is  Mohr's.  It  consists  of  a  glass  tube, 
counnonly  aljout  the  width  of  a  little  finger  and  the  length  of  an 
arm  from  the  elliow,  contracted  at  the  loVer  extremity  and  gradu- 
ated. The  width  and  length  of  burettes,  however,  as  well  as  the 
extent  and  fineness  of  their  graduation,  vary  eonsideralily.  To  the 
contracted  portion  is  fitted  a  small  piece  of  vulcanized  caoutchouc 
tubing,  into  the  other  end  of  which  a  small  spout  made  of  narrow 
glass  tube  is  tightly  inserted.  A  strong  wire  clamp  effectually  pre- 
vents any  liquid  from  passing  out  of  the  burette  unless  the  knobs 
of  the  clamp  are  pressed  by  the  finger  and  thumb  of  the  operator, 
when  a  stream  or  drops  flow  at  will.  In  place  of  the  India-ruljber 
tubing  and  clamp  a  stopcock  is  sometimes  emploved,  and  other 
modes  of  arresting  the  flow  of  liquid  may  be  adopted.  The  accu- 
rate reading  of  the  height  of  a  solution  in  the  burette  is  a  matter 
of  great  importance;  it  should  be  taken  from  the  bottom  of  the 
curved  surface  of  the  liquid.  It  may  be  still  more  exactly  meas- 
ured by  the  ejnployment  of  a  hollow  glass  float  or  bulb  (Erdmann's 
float:  see  Fig.  73),  of  such  a  width  that  it  can  move  freely  in  the 
tube  without  undue  friction,  and  so  adjusted  in  weight  that'it  shall 
snik  to  more  than  half  its  length  in'anv  ordinarv  liquid.  A  fine 
line  IS  scratched  round  the  centre  of  the  float;'  this  line  must 
always  be  regarded  as  marking  the  height  of  the  fluid  in  the 
burette.  In  charging  the  burette  a  solution  is  poured  in,  not 
mud  Its  surface  is  coincident  with  U,  but  until  the  mark  on  the 
float  IS  (;oin(;ident  with  0. 
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ESTIMATION  OF  ALKALIES,  ETC. 

Volumetric  Solution  of  Oxalic  Acid. 
(Crystallized  O.Kalic  Acid,  11,020^,211^  =  126.) 

On  account  of  the  bivalent  character  of  the  oxalic  radical,  and  the 
univalent  ciiaracter  of  most  of  the  metals  contained  in  tlie  salts 
which  are  estimated  hy  oxalic  acid,  it  is  convenient  that  each  litre 
of  the  volumetric  solution  should  contain  half  a  molecular  weigiit 
in  grammes  of  the  acid  {li.,Cfi^,2Rfi  =  126     2  =  63). 

If  pure  crystallized  oxalic  acid  be  at  hand,  the  solution  is  ma<le 
by  dissolving  63  grammes  in  M'ater,  and  making  the  volume  up  with 
more  water  to  exactly  one  litre. 

Pure  oxalic  acid,  however,  not  being  easy  to  obtain,  the  solution 
may  be  made  fi-om  the  commercial  acid  by  dissolving  6.5  to  70 
grammes  in  enough  water  to  make  a  litre  of  soUition,  and  then  de- 
termining the  strength  of  this  solution  by  a  titration  with  pure  car- 
bonate of  sodium,  making  use  of  the  following  memoranda: — 

Na,C03  +  H,CA,2II.P.=  Na,CA  +  CO^  +  311,0 

2)106  2)126 
53  63 

Pure  anhydrous  carbonate  of  sodium  is  easy  to  obtain,  for  com- 
mercial bicarbonate  is  usually  of  such  purity  that  when  a  few 
grammes  are  heated  to  redness  for  a  quarter  of  an  hour  the  result- 
ing carbonate  is  practically  free  from  impurity.  The  bicarbonate 
should,  however,  be  tested,  and  if  more  than  traces  of  chlorides 
and  sulphates  are  present,  these  may  be  removed  by  washing  a  few 
hundred  grammes,  first  with  a  saturated  solution  of  Ijicarbonate  of 
soilium,  and  afterward  with  pure  distilled  water.  After  drying,  the 
salt  is  ready  for  ignition. 

About  half  a  gi-amme  of  the  carbonate  of  sodium  is  accurately 
weighed  and  placed  in  a  half-pint  flask,  around  the  neck  of  which  is 
tied  calico  or  leather  to  protect  the  fingers  when  the  heated  vessel  is 
shaken  by  the  operator.  The  salt  is  dissolved  in  water  to  about 
one-third  the  cap.icity  of  the  flask,  and  a  few  drops  of  the  indicator, 
blue  tincture  of  litmus,  is  added.  The  acid  solution  to  be  "set"  or 
"  standardized  "  is  then  poured  into  a  burette,  and  run  therefrom  into 
the  flask  until  the  reddened  litmus  indicates  the  presence  of  free 
acid.  This  will  be  due  in  the  first  place  to  carbonic  acid  liberated 
and  remaining  dissolved  in  the  solution.  The  contents  of  the  flask 
are  therefore  boiled  for  several  minutes,  when  the  blue  color  will 
have  returned.  More  acid  is  then  run  in  until  the  mixture,  after 
boiling,  remains  of  a  neutral  color,  indicating  that  just  enough  acid 
has  been  added  to  complete  the  reaction  expressed  in  the  foregoing 
equation. 

Let  it  1)0  supposed  that  0.6  gramme  of  carbonate  of  sodium  was 
taken,  and  that  this  requirird  11  c.c.  of  oxalic  acid  solution;  liow 
many  c.c.  of  this  solution  would  contain  63  grammes  of  oxalic  acid 
crystals?  or,  what  is  (iquivalent  in  the  reaction,  how  many  c.c.  would 
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be  required  to  neutralizo  53  ifriunmcs  of  oarboiiiito  of  sodium  ?  As 
0.0  grauune  NaoCO;,  is  to  11  c.c.  sol.,  so  are  53  grainiiies  Na^COg 
to  X  c.e.  sol.;  x  —  'i)72  c.c.  972  c.c.  (nearly)  are  ctiuivalont  to  53 
grammes  of  carbonate  of  sodium,  and  contain  03  gi-ammes  of  oxalic 
acid. 

This  soliition  may  cither  be  used  as  it  is,  or  may  ho  dilated  with 
water,  every  972  c.c.  to  be  diluted  to  lOOU  c.c,  so  that  1000  c.c.  shall 
contain  (io  grammes  of  oxalic  acid. 

The  following  official  sulistances  are  tested  by  this  solution  accord- 
ing to  the  United  States  Pharmacopoeia : — 

Solutions  of  Ammonia. — 2  or  3  grammes  of  dilute,  or  about  1 
gramme  of  strong,  solution  of  ammonia  is  a  convenient  quantity  to 
operate  upon.  Tlic  weighing  is  most  conveniently  accomplished  by 
taking  a  small  stoppered  bottle  containing  half  an  ounce  or  so  of 
the  substance,  and,  having  ascertained  its  total  weight,  transfer 
about  the  quantity  desired  to  the  flask  in  which  the  estimation  is 
to  be  conducted,  and  again  weigh  the  bottle  with  what  remains  in 
it.  The  difference  is  the  exact  quantity  taken.  The  weighing  of 
the  ammonia  solution  having  been  accomplished,  water  is  added  to 
about  one-third  the  capacity  of  the  flask  (or,  better,  the  ammonia  is 
added  to  water  already  in  the  flask),  and  a  few  drops  of  tincture  of 
litmus  introduced.  The  titration  is  then  conducted  as  described  be- 
fore, except  that  no  heat  is  employed. 

2NH,H0    -f-    H^CA.^HjO   =   (NII,),C,04    -f  411,0 


2)70  2)126 

3-5  03  =  grammes  in  1000  c.c.  of  standard  aolntion. 

2XH3H,0  -f  II,C,0„2H,0  =  (NII,),C,0,  -|-  411,0 
2)34  2)126 

17  63  =  grammes  in  1000  c.c.  of  standard  snlntinn. 


1000  C.C.  of  standai'd  solution,  or  its  equivalent  of  a  solution  of 
any  other  strength,  would,  according  to  this  reaction,  neutralize  17 
grammes  of  ammonia  gas  (Nll;j)  or  35  grammes  of  hydrate  of  am- 
monium (XII, 110).  If  3  grammes  of  ammonia  solution  had  been 
tak(!n,  and  it  had  required  15  c.c.  of  standard  oxalic  acid  solution, 
then  the  amount  of  ammonia  gas  or  hydrate  of  ammonium  it  con- 
tained would  be  seen  by  the  following  calculations : — 

1000  c.c.  :  17NPIa       :  :  15  c.c.  :  x  ~  .255  grammes  NH., 
1000  c.c.  :  35NH,iI-IO  :  :  15  c.c.  :  x  =  .525  grammes  NHJIO 

Three  grammes,  then,  would  contain  .255  grammes  of  th(!  gas  or 
.525  grammes  of  hydrate  of  ammonium.    Or,  in  percentage, 

3  gr.  sol. :  .255  gr.  NH,      : :  1 00  gr.  sol . :  x  gr.  NIT^      =  8.5  %  NIL, 
Sgr.sol. :  .525  gr.  NHJIO  : :  100  gr.  sol. :  xgr.  NHJIO  =  17.5/oNH4liO 

The  solution  would  tlierc^forc;  (•ontaiii  S.5  pcir  c(mt.  of  iuiimonia  gas 
(Nil.,)  or  17.5  per  cent,  of  hydrnti!  of  ammonium  (NM1,II()).    If  tlu! 
oxalic  acid  solution  was  not  of  full  standard,  the  inimber  of  c.c.  which 
.17  9 
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contained  63  grammes  of  oxalic  acid — which  was,  in  fact,  efjuivah'nt 
to  lUOU  c.c.  of  standard  solution — would  }>c  substituted  for  1000  c.r. 
in  the  preceding  proportions. 

A  comparison  should  now  he  made  with  the  requirements  of  the- 
Pharmacopoeia.  It  is  useful  to  express  results  as  percentage  of  sub- 
stance of  pharmaco[)03ial  strength  in  the  material  examined.  'J'hus 
the  U.  S.  Pharmacopoeia  requires  dilute  ammonia  solution  (Itoth  Aqmi 
Ammonict;  and  Spiritus  Ammonice)  to  contain  10  per  cent,  of  the  gas 
(NHj).  The  solution  supposed  to  liave  been  operated  on  contained 
8.5  per  cent.  NH,  (10  :  8.5  :  :  100  :  a;  =  85).  Therefore  it  contains  S.') 
per  cent,  of  the  dilute  ammonia  of  the  U.  S.  Pharmacopoeia.* 

Strong  Solution  of  Ammonia,  U.  S.  P.,  contains  28  per  cent,  ol 
ammonia  gas  (Nll^). 

Note. — -The  calculations  just  described  for  ammonia  are  similar  to 
those  employed  throughout  volumetric  analysis  ;  they  will  not  be  re- 
peated, therefore,  in  the  case  of  every  substance. 

Carbonate  of  Ammonium.— The  reactions  indicated  by  the  fol- 
lowing equations  occur  betvreen  commercial  carbonate  of  ammonium 
and  oxalic  acid  : — 

2N3lI„CA   +  3II,CA,2n,0  =  3(NII,),C,0,  +  8II.p  +  4C0, 
6)31£  6)378 

52.33  63  =  grammes  in  1000  c.c.  of  standard  solution. 

About  1  gramme  is  a  convenient  quantity  to  operate  upon.  Tinc- 
ture of  litmus  is  the  indicator,  and  the  titration  is  conducted  at  a 
temperature  just  short  of  boiling.  The  estimation  is  not  very  satis- 
factory, because  the  heat  employed,  while  scarcely  sufficient  to  expel 
the  carbonic  acid  gas,  is  enough  to  occasion  loss  of  ammoniacal  .salt. 
Practised  analysts  usually  add  excess  of  the  standard  acid,  and  thus 


*  Extremely  minute  quantities  of  ammonia— 1  part  in  many  millions 
of  water— may  be  estimated  volumetrically  by  adding  excess  of  a  color- 
less solution  of  red  iodide  of  mercury  (Nessler's  test),  then  in  a  similar 
vessel,  containing  an  equal  amount  of  pure  water  with  excess  of  the 
Nessler  reatjent,  imitating  the  depth  of  yellow  or  reddish-yellow  color 
thus  produced  by  adding  an  ammoniacal  solution  of  hwim  .ttreiifjth.^  The 
amount  of  ammonia  thus  added  represents  the  amount  in  the  original 
liquid.  . 

The  Nessler  Rmgenl.—A  litre  may  be  made  by  dissolving  60  or  4U 
grammes  of  iodide  of  potassium  in  a  small  quantity  of  hot  water,  add- 
ing a  strong  hot  solution  of  percliloride  of  mercury  until  the  precip- 
itate of  mercuric  iodide  ceases  to  redissolve  even  by  the  aid  ol  rapid 
stirring  and  heat,  slishtly  diluting,  filtering,  adding  a  strong  solu- 
tion of  (120  to  140  grammes)  caustic  soda  or  (ICO  to  180  grammes) 
caustic  potash,  and  diluting  to  1  litre.  A  few  c.c.  (5  or  G  or  more)  of  a 
strong  solution  of  percliloride  of  mercury  are  finally  stirred  in,  the 
whole  set  aside  till  all  precipitated  red  iodide  has  deposited,  and  the 
clear  liquid  decanted  for  use.  The  reaction  of  this  Nessler  test  with 
ammonia  is  as  follows: — 

NITa  +  2IIgI.,  +  3KIIO  -=  NHg.,I  -h  SKI  +  3H.,0. 
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fix  evoiT  trace  of  iiminonia ;  then  gently  boil  to  get  rid  of  carbonic 
acid  gas  ;  bring  back  the  liquid  to  neutrality  hy  an  observed  volume 
i)f  standard  alkaline  sohition,  and  deduct  an  ecjuivalent  volume  of 
acid  from  tin;  <|uantity  first  added.  'I'he  United  States  Pluirmaco- 
ptcia  re(|uires  b.232  grammes  to  neutralize  100  c.c.  of  standard  solu- 
tion of  oxalic  acid.  This  corresponds  to  100  per  cent,  of  carbonate 
having  the  formula  N^lIuCPj. 
Burax. — Two  or  three  grammes  is  a  convenient  quantity. 

Xa,B,O„10H,O  +  II,CA,2II,0  =  Na^CA  +  H,B,0,  +  1211,0 

^  /        »  ,  ' 

2)382  2)126 

191  63  =  grammes  in  1000  c.c.  of  BtandarJ  solution. 

Tincture  of  litmus  is  the  indicator,  and  the  titration  may  be  carried 
on  without  heat.  The  liberation  of  .boracic  acid  colors  the  litmus 
wine-red.  This  is  not  regarded,  the  titration  being  continued  until 
tin?  bright  red  due  to  the  action  of  free  oxalic  acid  makes  its  appear- 
ance. Bath  the  British  and  United  States  Pharmacopoeias  require 
borax  to  be  pure  (=  100  per  cent.). 

Lead  Acetate  and  Solution  of  Subacetate. — Operate  upon  about 
three  grammes  of  acetate  of  lead  and  from  five  to  ten  grammes  of 
solution  of  subacetate. 

Pb2CJl30.„3II.p  +  lI,Qfi^,2Vi.fi  =  PbC.O,  +  2UC,U,0,  -f  511,0 


2)378.5  2)126 

189.25  63  =  grammes  in  1000  c.c.  of  standard  solution. 

Pb,02C,H30,  +  2(II,C,A,2H20)  =  2PbCA  +  2HC,Tl302  +  5H,0 
4)547  4)252_ 

136.75  63  =  grammes  in  lOOC  c.c.  of  standard  solution. 


The  flask  in  which  the  estimation  is  being  conducted  should  contain 
one  third  of  a  flaskfnl  of  water.  In  the  case  of  both  acetate  and 
solution  of  subacetate  of  lead  a  little  acetic  acid  should  be  added  to 
prevent  precipitation  of  basic  salt  on  dilution.  The  only  indicator 
of  complete  reaction  is  cessation  of  production  of  the  precipitate — 
oxalate  of  le^id.  The  United  States  Pharmacopoeia  requires  acetate 
of  lead  to  be  pure  (100  per  cent.),  and  solution  of  subacetate  to  con- 
tain 25  per  cent. 

Lime- Water  and  Saccharated  Solution  of  Lime. — Measure  about 
half  a  litre  of  lime-water  for  the  estimation,  and  of  saccharated 
solution  weigh  about  25  grammes.  The  following  equations,  etc. 
are  quantitative  expi'essions  of  the  reactions  :■ — 

Ca2II0    +    H^Cp.,  CaC.,0,    -f  211,0 

2)74  2)126 

37  63  =  grammes  in  1000  c.c.  of  Htandard  solution. 


560 


VOLUMETRIC  QUA>'TITATIVE  ANALYSIS. 


CaOjHjO     +     li/'^O,     =     CaCjO^     +  211,0 
2)56  2)126 

28  63  =  grammes  in  1000  c.c.  of  standard  solution. 

Litmus  is  used  as  an  indicator. 

Caustic  Potash  and  Soda,  Potassium  and  Sodium  Carbonates  and 
Bi carbonates. — Litmus  is  the  indicator  throughout,  and  lieat  is  used 
in  all  cases,  for  the  caustic  alkalies  always  contain  some  carljonate. 

2KII0  +  H2C,,0„2II,,0  =  KjCjO,  +  411,0 
2)112  2)126 

'  56  63  =  grammes  in  1000  c.c.  of  standard  solution. 

2NaII0  +  H,C.,0„2II,0  =  Na^Cp,  +  411 


2)80  2)126 

40  63  =  grammes  in  1000  c.c.  of  standard  solution. 

K2CO,  +  H2C20^,2H.,0  =  K^C^O^  +  CO,  +  3H,0 
2)138  2)126 

69  63  =  grammes  in  1000  c.c.  of  standarfl  solution. 

Or, 

K^COj  +  16%H,0  +  H,C,0„2H,0  =  K,C.A  +  CO,  +  xUfi 
2)164.28  2)126 

82.14  63  =  grammes  in  1000  c.c.  of  standard  solution. 

Na^COg  +  H,CA,2H,0  =  Na,C,0,  +  CO,  +  .3H,0 
2)106  2)126 

53  03  =  grammes  in  1000  c.c.  of  standanl  solution. 

Or, 

Na,CO3,10H.,O  +  H,C,0„2II,0  =  Na.,C.,0,  +  CO,  +  13H,0 
2)286  2)126 

143  63  =  grammes  in  1000  c.c.  of  standard  solution. 

2KIIC0,,  +  II,C,0„2II,0  =  K,C,0^  +  2C0,  +  4U.fi 
2)200  2)1_26 

100  63  =  grammes  in  1000  c.c.  of  standard  solution. 

2NaIIC0:,  +  II,C,0,,2ir,0  =  Na.,C,0,  +  2C0,  +  4H2O 
2)168  2)126 

84  63  =  grammes  in  1000  c.c.  of  standard  solution. 

Convenient  quantities  to  operate  with  are:  Of  caustic  potash, 
1  gramme:  caustic  soda.  .5  to  1  gramme;  potassium  carbonate  or 
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})k;arl)Ou;ito,  1  to  2  gviiiiimes ;  sodium  carlionato  or  bicarbonate, 
'2  to  3  grammes ;  dried  sodium  carljonate,  .5  to  1  gramme ;  and  of 
solutions  a  corresponding  quantity.  Tlie  United  States  Pharma- 
topaMal  re(|uiremeuts  are :  Caustic  potash  or  soda,  90  per  cent, 
of  IvIIO  or  NaliO ;  potassium  carbonate,  81  per  cent,  of  K.^COg ; 
sodium  carbonate,  98  per  cent,  of  Na^CO3,101l2O  ;  potassium  bicar- 
bonate, 100  per  cent,  of  KUCO.^;  sodium  bicarbonate,  99  per  cent, 
of  NallCO., ;  and  commercial  bicarbonate,  at  least  95  per  cent.  The 
dried  carbonate  {Sodii  Carboiias  Exsiccatiis,  U.  S.  P.)  is  to  contain 
72. (i  per  cent,  of  real  carbonate.  Liquor  Potassce  and  Liquor  Sodce 
must  contain  5  per  cent,  of  pure  hydrate. 

The  strength  of  soda-ash  is  often  reported  in  terms  of  "soda'' — 
that  is,  oxide  of  sodium  (NajO  =  (i2).  Tlie  old  molecular  weight 
of  carbonate  of  sodium,  54  (it  should  have  been  53),  derived  from 
that  of  "soda,"  32  (it  should  have  been  31),  is  still  employed  in 
(ireat  Britain  in  reporting  the  strength  of  soda-ash.  The  true 
amount  of  soda  equivalent  to  54  parts  of  carbonate  is  31.41  parts. 
A  modern  analyst  having  found  the  true  amount  of  soda  in  a  sample 
of  soda-ash  is  expected  by  some  manufacturers  to  report  31  as  31.41 
parts,  or  53  of  carbonate  as  54,  and  other  quantities  in  proportion 
to  thes3  figures. 

Tartrates  and  Citrates  of  Potussimn  and  Sodium  and  Acetate  of 
Potassium. — When  tartrates  or  citrates  of  alkali-metals  are  burned 
in  the  open  air  the  whole  of  the  metal  remains  in  the  form  of 
carbonate.  Each  molecular  weight  of  a  neutral  tartrate  gives  one 
molecular  weight  of  carbonate,  and  every  two  molecular  weights  of 
an  acid  tartrate  give  one  molecular  weight  of  carbonate.  Advantage 
is  taken  of  these  reactions  to  estimate  indirectly  the  quantity  of 
citrate  or  tartrate  in  presence  of  substances  with  which  they  are 
generally  associated.  One  to  two  grammes  of  any  of  these  salts  is 
a  convenient  quantity  to  operate  upon.  The  ignition  may  be  con- 
ducted in  a  platinum  or  porcelain  crucible.  A  low  red  heat  only 
should  1)C  used,  and  the  vessel  removed  when  complete  carbonization 
has  been  eii'ected — that  is  to  say,  when  nothing  remains  but  the 
carbonate  and  free  carbon.  The  mixture  is  in  this  case  treated  with 
hot  water,  and  the  carbon  separated  ))y  filtration.  If  too  little  heat 
has  been  used  and  carboni/.ation  is  not  complete,  the  filtrate  will  be 
more  or  less  colored.  If  this  should  be  the  case  the  operation  must 
be  repeated  with  a  fresh  quantity  of  material.  The  carbonate  is 
titrated  in  the  usual  way.  The  following  equations,  etc.  exjilain 
the  reactions : — 

2K,C  JIAJIjO  +  50.,  =  2KjC03  +  GCO,  +  411,0 
4)470  4)270 

117.5  69  =  1000  c.c.  of  Rtaiiilard  (ixiilic  acid  solution. 

2KHC,II,0„  H-  50.,  =  KjCO„  +  700^  +  SH^O 
2)376  2)j38 

188  69  =  1000  c.c.  of  Ktiiiidmil  oxalic  acid  solution. 
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2(K3C6ll50„H,0)  +  90,  =  3K,C0,  +  9C0,  +  7H,0 
6)648  6)414 

1 08  69  =  to  1000  c.c.  of  standard  oxalic  acid  Bolution. 

2(KNaC,H,Oc,4TT.,0)  +  50,  =  2KNaC0.,  -f  600,  +  811,0 

4)564  4)244 

141  61  =  1000  c.c.  of  standard  oxalic  acid  sol. 

2KCJI3O,  +  40,  =  K2CO3  +  SCO,  +  311,0 
2)196  2)138 

98  69  =  1000  c.c.  of  standard  oxalic  acid  solution. 

It  will  be  readily  undei'stood  tliat  in  the  first  (for  example)  of  the 
reactions  just  expressed  113  weij^hts  of  tartrate  of  potassium  are 
equivalent  to  69  weights  of  carbonate  of  potassium  ;  and  as  in  a 
previous  reaction  it  has  been  shown  that  69  weights  of  carbonate  of 
potassium  are  equivalent  to  63  weights  of  oxalic  acid,  it  follows  that 
113  weights  of  tartrate  of  potassium  are  equivalent  to  63  weights  of 
oxalic  acid.  Let  these  weights  be  grammes,  and  then  113  grammes 
of  tartrate  of  potassium  are  equivalent  to  63  grammes  of  oxalic 
acid,  or  to  lOlK)  c.c.  of  the  standard  solution  of  oxalic  acid.  If  the 
substance  estimated  be  a  crude  sample  of  tartrate  of  potassium,  and 
the  number  of  c.c.  of  oxalic  acid  used  has  been  15  c.c,  then  as  1000 
c.c.  of  the  acid  solution  ai'e  to  113  grammes  of  tartrate  of  potassium, 
so  are  15  c.c.  of  the  solution  to  1.695  grammes  of  tartrate  of  potas- 
sium. Now,  if  the  weight  of  the  sample  taken  was  2  grammes, 
then  as  2  grammes  of  the  sample  contain  1.695  of  real  tartrate  of 
potassium,  100  will  contain  a;  —  84.75  per  cent,  of  real  tartrate. 
These  salts  are  required  to  be  100  per  cent,  pure  b}'  the  United 
States  Pharmacopoeia,  except  acetate  of  potassium,  which  is  to  have 
98  per  cent,  of  real  acetate.  Trade  samples  are  practically  pure  as 
a  rule?. 

Permanganate  of  Potassium. — The  reaction  is  shown  in  the  fol- 
lowing equation  :  K,Mn.,08  +  3H,S0^  +  5(II,C.,0^,2II,0)  =  K,SO^- 
+  2MnS0,  +  18H,,0  +  lOCO,. 

K,Mn,08  and  5(H,C,0„2H,,0) 
10)314  10)630 

31.4  63  =  grammes  in  1000  c.c.  of  standard  solution. 

The  salt  satisfies  official  requirements  if  it  contains  98.8  per  cent,  of 
real  permanganate  of  potassium. 


Nbfes. 

AlkaUmelry. — The  foregoing  processes  are  often  .spoken  of  as 
those  of  al/ca/ivietri/  (the  measurenuMit  of  alkalies). 

Neutral  snintionof  I ituius  is  prepared  by  digesting  the  commercial 


ESTIMATION  OF  ACIDS. 


563 


frajuments  in  about  15  or  20  times  tlicir  weight  of  water  for  a  few 
liours,  (lecaiitint;,  dividing  into  two  equal  portions,  adding  acid  to 
one  till  it  is  faintly  red,  then  pouring  in  the  other  and  mixing.  The 
solution  may  be  kept  in  a  stop|iored  bottle  and  occasionally  exposed 
to  the  air.  It  should  never  be  filtered,  but  gradually  allowed  to 
deposit. 

Standard  sulp/uirir.  acid  may  be  used  in  the  place  of  ox.alic  acid, 
1000  e.c.  of  the  liquid  containing  half  of  the  molecular  weight 
the  pure  acid  in  grammes.  It  is  prepared  by  diluting  oil  of  vitriol 
with  from  3  to  4  times  its  bulk  of  distilled  water,  ascertaining  how 
much  of  the  acid  li([uid  is  re(|uircd  to  exactly  neutralize  of  the 
molecular  weight  of  pure  carl)onate  of  sodium,  taken  in  grammes 
(•'>.o),  and  adding  water  until  the  observed  volume  of  acid  is  in- 
creased to  100  c.c,  the  whole  of  the  fluid  being  similarly  diluted. 

Weighing. — In  the  case  of  substances  which  are  liable  to  alter  by 
exposure  to  air  it  is  important  that  a  selected  quantity  should  be 
quickly  weighed,  rather  than  selected  weights  be  accurately  bal- 
anced by  material,  the  former  operation  occupying  much  the  shorter 
time. 

Salts  other  than  the  official  niay  be  quantitatively  analyzed  hy  the 
volumetric  solutions  of  the  Pharmacopoeia,  slight  modifications  of 
manipulation  even  enabling  the  processes  to  be  adapted  to  fresh 
classes  of  salts.  Ample  instructions  for  extending  operations  in 
this  manner  will  be  found  in  Sutton's  Handbook  of  Volumetric 
A  nail/ sin. 

QUESTIONS  AND  EXERCISES. 

990.  Describe  the  various  pieces  of  apparatus  used  in  volumetric 
determinations. 

991.  One  hundred  cubic  centimetres  of  solution  of  oxalic  acid 
contain  6.3  grammes  of  the  crystallized  acid ;  work  sums  showing 
what  weights  of  bicarbonate  of  potassium  and  anhydrous  carbon- 
ate of  sodium  that  volume  will  saturate.  Aiis.  10  grammes  and  5.3 
grammes. 

992.  Show  what  weight  of  hydrate  of  potassium  is  contained 
in  solution  of  potash,  48.02  grammes  of  which  are  saturated 
by  50  c.c.  of  tne  standard  solution  of  oxalic  acid.  Ans.  5.83 
per  cent. 

993.  Calculate  the  percentage  of  hydrate  of  calcium  in  lime- 
water,  438  grammes  of  which  arc  neutralized  by  20  c.c.  of  the 
volumetric  solution  of  oxalic  acid.  Ans.  0.1  (589. 

994.  Kight  grammes  of  a  sample  of  Ilocludle  salt,  after  ignition, 
etc.,  r('f|uire  54.3  c.c.  of  the  oflictial  oxalic  acid  solution  for  complete 
saturation  ;  work  sums  showing  what  is  the  centesimal  proportion 
of  real  salt  present.  An.s.  95.7. 


ESTIMATION  OF  ACIDS. 

In  the  previous  cxperimcTits  a  known  amount  of  an  acid  has  been 
used  in  determining  unknown  amounts  of  alkalies.    In  those  about 
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to  be  described  a  known  amount  of  an  alkali  is  employed  in  esti- 
mating unknown  amounts  of  acids.  The  alkaline  salt  selected  may- 
be either  a  hydrate  or  a  carbonate ;  but  the  former  is  to  be  pre- 
ferred, for  the  carbonic  acid  set  free  when  a  strong  acid  is  added  to 
a  carbonate  interferes  to  some  extent  with  the  indications  of 
alkalinity,  acidity,  or  neutrality  afforded  by  litmus.  Tiie  alkali 
most  convenient  for  use  is  soda,  a  solution  of  which  has  probably 
already  been  made  the  suljject  of  experiment  in  operations  with  the 
standard  solution  of  oxalic  acid.  It  should  be  kept  in  a  stoppered 
bottle  and  exposed  to  air  as  little  as  possible. 


Volumetric  Solution  op  Soda. 

(Hydrate  of  Sodium,  NariO  =  40.) 

This  aqueous  solution  of  soda  is  most  conveniently  made  of  such 
a  strength  that  each  1000  c.c.  contains  one  molecular  weight  in 
grammes  of  the  alkali  (NallO  —  40).  It  will  be  seen  from  the  fol- 
lowing equation  that  40  grammes  of  soda  convert  63  grammes  of 
oxalic  acid  into  neutral  oxalate  of  sodium.  Therefore,  1  litre  of 
this  solution,  containing  40  grammes  of  soda,  Avill  form  a  neutral 
solution  of  oxalate  with  1  litre  of  standard  oxalic  acid  solution, 
or  with  a  chemically  equivalent  quantity  of  oxalic  acid  solution  of 
any  other  strength. 

Hfifi„2Ilfi         +         2NaII0    =   Na^C.O^   +  411,0 
2)126  2)80 

63  =  1000  c.c.  of  Btaud.  boI.      40  =  1000  c.c.  of  standard  Eolution, 

If  pui'e  soda  were  at  hand,  it  would  only  be  necessary  to  weigh 
40  grammes,  dissolve  this  in  water,  and  dilute  to  1  litre.  But 
pure  soda  cannot  readily  be  produced.  Therefore  weigh  about  45 
grammes  of  hydrate  of  sodium  of  trade,  and  .add  water  to  1  litre. 
When  dissolved  take,  say,  14  c.c,  dilute  with  more  Avater  in  a  flask, 
add  a  few  drops  of  tincture  of  litmus,  and  titrate  with  oxalic  acid 
solution  of  known  strength.  Suppose  that  the  volume  of  standard 
acid  solution  required  to  neutralize  the  14  c.c.  of  soda  solution  the 
strength  of  which  is  to  be  estimated  has  been  15  c.c,  or  an  equiva- 
lent amount  of  acid  solution  of  another  strength  ;  then,  how  many 
c.c.  of  soda  solution  is  equivalent  to  1000  c.c.  of  standard  acid  solu- 
tion ?  or,  what  conies  to  the  same  thing,  how  many  c.c.  of  soda  solu- 
tion contain  40  grammes  of  real  soda  (NallO)?  As  15  c.c.  stand- 
ard acid  are  to  14  c.c.  soda  solution,  so  are  UiOO  c.c.  stiindard  acid 
to  X  c.c.  X  =-  933  c.c.  933  c.c.  of  the  soda  solution  contain,  there- 
fore, 40  grammes  of  soda.  This  may  cither  be  diluted,  every  933 
c.c.  to  1000  c.c,  so  tliat  it  may  be  standard  (1000  c.c.  =40  grammes 
NallO),  or  the  solution  may  be  used  without  dilution  (933  cc.  =40 
grammes  NallO).  It  has  already  been  mentioned  that  soda  nearlj' 
always  contains  carbonate.  To  remove  resulting  carbonic  acid, 
therefore,  gentle  heat  should  be  employed  toward  the  close  oi  each 
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titration  in  all  the  ostiiviations  with  this  solution.  Litmus  is  used 
tlirouiiliout  as  an  indii-ator  of  completion  of  the  reaction.  The 
l'()ilo\vii\<i;  substances  are  officially  estimated  with  this  solution. 
The  list  admits  of  considerable  e.xtcnsiou  (see  Sutton's  Volumetric 
Analysis). 

Acetic  Acid. — Operate  upon  about  1  gramme  of  glacial  acid, 
about  20  grammes  of  dilute  acid,  or  about  3  grammes  of  ordinary 
acetic  acid. 

HC^IIaO.,    +    NallO    =    NaC,II,0,    +  11,0 

GO  40  =  1000  c.c.  stamliutl  suhition. 

Acetic  Acid,  U.  S.  P.,  should  contain  3fi  per  cent  of  real  acid 
(HCjHjO,) ;  Dilute  Acetic  Acid,  U.  S.  P.,  6  per  cent ;  Glacial 
Acetic  Acid,  U.  S.  P.,  99  per  cent. 

Citric  Acid. — Operate  on  about  1  gramme.  The  reaction  is  ex- 
pressed by  the  following  equation,  etc.: — 

IIjCyTsO^H.O   +    3NaII0    =    NaaCJIA    +  411,0 
3)210  3)120 

70  40  =  1000  c.c.  standard  solution. 

Citric  Acid,  U.  S.  P.,  should  be  pure  (=  100  per  cent. 
II,C„H30„II,0). 

ili/droc/ilunc  ^ItvfZ.— Operate  on  from  1  to  2  grammes  of  the  con- 
centrated acid  or  on  about  4  grammes  of  the  dilute  acid. 

IICl    +    NaTIO   =   NaCl    +  11,0 

3(j.4  40  =  1000  c.c.  staudard  solution. 

Hydrochloric  Acid,  U.  S.  P.,  should  contain  31.9  per  cent,  of  real  acid 
(HC!1),  and  Dilute  Hydrochloric  Acid,  U.  S.  P.,  10  per  cent. 
Dilute  Hydrohromic  Acid. — Operate  on  from  8  to  12  c.c. 

HBr    +    NaHO    =    NaBr    -f-  H,0 

80.8  40  =  1000  c.c.  standard  solution. 

Dilute  Hvdrobromic  Acid,  U.  S.  P.,  should  contain  10  per  cent,  of 
real  acid  "(HBr). 

Lactic  Acid. — Operate  on  1 .5  to  2  grammes.  The  reaction  is  ex- 
pressed by  the  following  equation  : — 

HCJI^O.,   -f    NaHO    =   NaCJIjO.,    H-  H,0 

90  40  =  1000  c.c.  of  Btaudaril  solution, 

Lacttic  Acid,  U.  S.  P.,  .should  represent  75  per  cent,  of  absolute  lactic 
acid  (HC.H.O.,). 

Citric  Acid. — Operate  on  from  1  to  2  grammes  of  concentrated  or 
on  from  4  to  5  grammes  of  dilute  acid. 
4« 
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UNO,    +    NallO   =   NaNOj    +  II^O 

63  40  =  grammee  in  1000  c.c.  standard  solution. 

Nitric  Acid,  U.  S.  P.,  should  contain  69.4  per  cent.,  and  Dilute  Nitric 
Acid,  U.  S.  P.,  10  per  cent.,  of  real  acid  (IlNOj). 

Hulpharic  Acid. — Operate  upon  from  .5  to  1  gramme  of  concen- 
trated acid  or  from  4  to  5  grammes  of  either  Dilute  or  Aromatic  Sul- 
phuric Acid. 

II^SO,    +    2NaH0   =    Na,SO,    +  2H,0 
2)98  2)80 

49  40  =  grammes  in  lOUO  c.c.  standard  solution. 

Sulphuric  Acid,  U.  S.  P.,  should  contain  not  less  than  96  per  cent., 
Dilute,  U.  S.  P.,  10  per  cent,  of  real  acid,  and  Aromatic,  U.  S.  P., 
18  per  cent.,  of  sulphuric  acid  (II^SO^),  partly  as  ethyl-sulphuric 
acid. 

Tartaric  Acid. — Operate  upon  about  1  gramme  of  the  acid.  The 
following  equation,  etc.  represents  the  reaction : — 

IL^CJI^Og    +    2NaH0    =    Na^CJI.Og    +  2II2O 

2)150  2)80^ 

75  40  =  grammes  in  1000  c.c.  standard  solution. 

Tartaric  Acid,  U.  S.  P.,  should  contain  100  per  cent,  of  H2C4H40g. 

Notes. — 1.  Pure  acetates,  citrates,  tartrates,  and  some  other  organic 
salts  have  an  alkaline  action  on  litmus,  but  not  to  an  important  ex- 
tent. If  the  soda  solution  be  added  to  acetic,  citric,  or  tartaric  acid 
containing  litmus  until  the  liquid  is  fairly  blue,  the  operator  will 
obtain  trustworthy  results.  In  delicate  experiments  turmeric,  "  me- 
thyl-orange," "phenolphthalein,"  etc.  may  be  used  instead  of  litmus. 

2.  The  operations  for  the  quantitative  analysis  or  measurement  of 
acids  are  often  collectively  spoken  of  under  the  name  of  acidimeiry. 


QUESTIONS  AND  EXERCISES. 

995.  Calculate  the  percentage  of  real  acid  present  in  diluted  sul- 
phuric acid,  30  grammes  of  which  are  neutralized  hj  84  c.c.  of  the 
official  volumetric  solution  of  soda.  Ans.  13.72. 

996.  Show  how  much  real  nitric  acid  is  contained  in  a  solution  36 
grammes  of  wliich  are  saturated  by  94  c.c.  of  the  standard  solution 
of  soda.  Ans.  16.45  per  cent. 


ESTIMATION  OF  ACIDULOUS  RADICALS  PRECIP- 
ITATED BY  NITRATE  OF  SILVER. 

Tiie  purity  of  many  salts  and  th(^  strength  of  their  solution.s  may 
be  determined  by  this  process.   Diluted  Hydrocyanic  Acid,  Bromide 
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of  Potassium,  Bromido  of  Ammonium,  C^yanidc  of  Potassium,  Bro- 
mide of  Sodium,  Syrup  of  Ilydriodic  Acid,  Syrup  of  liromide  of 
Iron,  and  Syru])  of  Iodide  of  Iron  are  (pumtitatively  analyzed  by 
standard  solution  of  nitrate  of  silver. 

Standard  Solution  of  Nitrate  of  Silver. 
(Nitrate  of  Silver,  AgNO,  =  169.Y.) 

Dissolve  10.97  grammes  of  crystals  of  pure  nitrate  of  silver 
in  1  litre  of  water.  1000  c.c.  of  this  solution  contain  of 
the  molecular  weight  in  grammes  of  nitrate  of  silver.  It  is 
therefore  a  decinornial  solution. 

Pure  crystals  of  nitrate  of  silver  can  readily  be  obtained.  When 
this  is  not  the  case,  and  pure  chloride  of  sodium  is  at  hand,  a  solu- 
tion may  be  made  of  appro.ximatc  strength,  and  then  be  standardized 
by  means  of  that  salt.    The  method  may  be  thus  indicated : — 
NaCl    +    AgNOg    =    AgCl    +  NaNO., 

10)58.5  10)169.7 

5.85  16.97  =  grammes  in  1000  c.c.  of  standard  solution. 

Take  rather  less  than  1  gramme  of  the  chloride  of  sodium  (NaCl) 
and  dissolve  in  water.  The  salt  (AgCl)  precipitated  in  the  reaction 
is  an  insoluble  salt,  and  the  end  of  its  precipitation  will  serve  as  a 
good  indication  of  the  completion  of  the  reaction.  A  better  in- 
dicator, however,  is  a  few  drops  of  neutral  chromate  of  potassium 
(which  should  previously  be  purified  by  rccrystallization).  The 
nitrate  of  silver  does  not  act  upon  the  chromate  until  all  the  chlo- 
ride is  converted  into  chloride  of  silver,  after  which  a  deep-red  pi'e- 
cipitate  of  chromate  of  silver  is  produced.  This  indication  is  ex- 
tremely delicate,  and  in  practice  is  noticed  when  the  white  color  due 
to  chloride  of  silver  changes  to  yellowish  from  formation  of  the  first 
traces  of  chromate  of  silver.  The  titration  being  accomplished,  sup- 
posi!  that  .1  ;^i-amme  of  the  chloride  of  sodium  has  taken  17  c.c.  of 
the  nitrate  of  silver  solution  cf  unknown  strength  :  how  many  c.c. 
of  the  solution  are  equivalent  to  5.85  of  the  chloride  of  sodium? 
that  is,  how  many  c.c.  of  solution  contain  16.9"  grammes  of  niti-ate 
of  silver?  As  .1  gramme  of  NaCl  is  to  17  c.c,  so  are  5.85  NaCl 
to  X  c.c.  =994  c.c.  994  c.c.  of  the  solution  of  nitrate  of  silver  are 
equivalent,  therefore,  to  1000  c.c.  of  official  standard  solution,  and 
contain  10.97  grammes  of  the  nitrate  of  silver.  They  nmy  be  di- 
luted to  KJOO  c.c.  if  desired. 

Jfi/droci/uiiir,  Acid. — Three  to  four  grammes  of  the  dilute  acid 
form  a  convenitmt  quantity  to  operate  upon,  'fhe  IICN  is  first 
converted  into  KCN  or  NaCN  witii  potash  or  soda.  The  followiu!:; 
e((uations,  etc.  explain  the  reactions : — 

2IICN    -\-    2NaII0    =   2NaCN    -\-  211,0 


10)54 
5.4 


10)98 
■  9.8 
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2NaCN    H-    AgNOj    ^    AgCN,NaCN    +  NaNOj 

10)98  10)m7_ 

9.8  16.97  =  grammes  in  1000  c.c.  of  standard  solution. 

It  is  seen  that  5.4  grammes  of  real  hydi-ocyanic  acid  (HCy)  are 
equivalent  to  9.8  grammes  of  cj'anide  of  sodium,  and  represent 
16.97  grammes  of  nitrate  of  silver,  or  1000  c.c.  of  standard  solution 
of  nitrate  of  silver. 

The  cyanide  of  sodium  having  been  obtained,  the  titration  is  carried 
on  until  it  is  converted  into  the  soluble  double  salt  (JsaCy,AgCy), 
immediately  after  which  a  permanent  turljidity  occurs,  due  to  pre- 
cipitation of  cyanide  of  silver,  thus : — 

AgCy,NaCy    +    AgNOg    =   2AgCy    +  NaNO,. 

This  turljidity  affords  a  delicate  and  satisfactory  proof  of  the  com- 
pletion of  the  above  reaction,  which  is  the  B.  P.  process. 

There  is,  however,  a  difficulty  in  the  conversion  of  the  acid  into 
the  cyanide  (Siebold)  to  which  it  is  necessar}-  to  pay  particular  atten- 
tion. Tincture  of  litmus  is  added  to  the  acid  diluted  largely  with 
water,  and  the  soda  poured  in.  Owing  to  the  strong  alkaline  reac- 
tion of  the  cyanide  of  sodium  formed,  the  mixture  becomes  blue 
when  only  a  small  proportion  of  the  acid  has  lieen  converted.  If 
then  the  titration  be  conducted  until  the  turbidity  appears,  only  the 
cyanide  of  sodium  will  be  estimated,  leaving  free  hydrocyanic  acid 
still  unacted  upon.  Indeed,  cyanide  of  sodium  may  be  estimated  in 
presence  of  hydrocyanic  acid  in  this  way.  Thus  the  following  reac- 
tion (expressed  approximately)  might  ojcur  : 

NaCy  +  4IICy  +  AgNO^  =-  AgCy  +  NaNOs  +  4HCy 

V   /  \   / 

Alkaline.  Turbid  and  acid. 

In  this  case  only  one-fifth  of  the  acid  originally  present  would  be 
estimated.  The  mixture  would,  however,  become  acid.  If  this 
acidity  bo  prevented  all  difficulty  is  overcome.  The  following  de- 
tails (Senier)  will  be  found  to  answer  well :  To  the  diluted  hydro- 
cyanic acid  add  soda  solution  to  a  strong  alkaline  reaction,  deter- 
mined by  means  of  tincture  of  litmus.  Then  add  the  silver  solution, 
drop  by  drop,  from  the  burette,  when  in  most  cases  the  mixture  will 
become  acitl.  When  it  does  so,  add  more  soda  solution,  and  repeat 
this  process  until  the  final  reading,  when  the  solution  must  be  alka- 
line. In  this  way  the  addition  of  too  much  soda  at  the  commonce- 
ment,  which  would  use  up  silver  solution  and  make  the  reading  a 
tride  too  high,  is  <ivoided. 

Dilute  Hydrocyanic  Acid,  U.  S.  P.,  should  contain  2  per  cent,  of 
real  acid  (IICN),  as  shown  by  the  following  process: — 

The  following  is  the  quantitative  test  of  purity  ordered  b}'  the 
United  States  Pharmacopoeia : — "  13.5  gm.  diluted  Avith  30  c.c.  of 
water,  and  mixed  with  enough  of  an  aqueous  suspension  of  mag- 
nesia to  make  the  mixture  C(uitc  o]iaque,  and  afterward  with  a  few 
drops  of  solution  of  cliromate  of  potassium,  should  recpiire  50  c.c.  of 
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the  volumetric  solution  of  nitrate  of  silver  before  the  red  color 
caused  by  the  latter  ceases  to  disappear  on  stirring  (corresponding 
to  the  presence  of  2  per  cent,  of  absolute  Hydrocyanic  Acid)."  By 
this  method  the  whole  of  the  HCy  is  precipitated  as  AgCy  before  the 
chromate  of  silver  is  permanently  precipitated,  and  13.5  gr.animes 
of  dilute  IlCy,  U.  S.  P.,  will  therefore  require  100  c.c.  of  volumet- 
ric nitrate  of  silver,  not  51)  c.c,  as  stated  by  the  Pharnuxeopoeia. 

Bromide  of  Ammonium. — Operate  upon  .075  to  .1  gramme  of  the 
salt,  using  chronmte  of  potassium  (or  Bichromate,  U.  S.  P.)  as  an 
indicator  of  the  close  of  the  reaction  : — 

NII.Br  +  AgNO,  =  AgBr  +  NH.NO.^. 
10)97.8  10)169.7 

9.78  1  0.97  =  1000  c.c.  of  stamlard  solution. 

Bromide  of  Ammonium,  U.  S.  P.,  should  be  of  97  per  cent,  purity, 
but  as  the  impurity  is  chloride  of  ammonium,  this  too  will  be  pre- 
cipitated by  the  nitrate  of  silver,  and  must  be  calculated  in  finding 
the  percentage  of  bromide. 

NH,C1  +  AgNOg  =  AgCl  -f-  NI-I^NOg. 
10).53.5  10)169.7 

5.35  16.97  =  1000  c.c.  of  standard  solution. 

The  amoiint  of  the  salt  equivalent  to  1 000  c.c.  of  standard  solution 
is  first  calculated  by  simple  proportion  :  Let  x  represent  this  ;  then 
9.7S  —  a;  =  y,  the  excess  of  standard  solution  used  up  by  the  chloride 
of  ammonium,  reckoned  in  terms  of  bromide  (NIIjBr) ;  and  since 
5.35  grammes  of  NlIjCl  =  9.78  grammes  of  NHjBr,  the  excess 
which  ammonium  chloride  can  consume  is  represented  by  9.78  — 
5.35  =  4.43; 

therefore,  as  4.43  :  5.35  :  :  y  :  z=the  amount  of  chloride  of  am- 
monium present  in  x  grammes  of  the  sample  taken ;  lastly,  the  per- 
centage is  calculated  Ijy  simple  proportion: 

As  X  :  100  :  :  z  :  =- percentage.  For  example:  .075  gramme 
of  the  salt  required,  7.8  c.c.  of  standard  solution, 

1.  7.8  :  1000  :  :  .075  :  a,' ; 

a;  =  9.615. 

2.  9.78  —  9.615  =  ?/; 

?/  =  .165. 

3.  4.43  :  5.35  :  :  .165  :  z; 

z  =  . 19926. 

4.  9.615  :  100  :  :  .19926  :  p  ; 

p  =  2.072  per  cent,  of  NH^Cl. 

Bromide  of  Potassium. — Operate  upon  rather  less  than  .1 
gramme,  and  conduct  the  titration  in  tli(!  sanu;  nianner  as  with 
chloride  of  sodium,  using  chromate  of  potassium  as  an  indicator 
of  tlie  close  of  tln^  reaction  : — 

48  * 
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KBr    +    AgNOj    =    AgBi-    +  KNO3 
10)118^  10)169.7 

J  1 .88  16.97  =  grammes  in  lOOO  c.c.  of  standard  8oliition, 

To  calculate  the  KCl,  proceed  as  for  NII.Cl,  liJ)  of  KCl  being 
equal  to  118.8  of  KBr. 

The  United  States  Pharmacopoeia  requires  Bromide  of  Potassium 
to  contain  97  per  cent,  of  the  salt. 

Bromide  of'  Sodium. — Operate  upon  .1  gramme,  and  proceed 
exactly  as  for  bromide  of  ammonium : — 

NaBr    +    AgNO,         AgBr    +  NaNOj 
10)202^  10)169.7 

10.28  16.97  =  KiOO  c.c.  of  fitandiu-d  solntiou. 

Bromide  of  Sodium,  U.  S.  P.,  should  be  of  97  per  cent,  purity,  and 
the  chloride  may  be  calculated  in  the  same  manner  as  chloride  of 
ammonium,  5.85  grammes  of  chloride  being  equal  to  10.28  grammes 
of  bromide  of  sodium. 

'Cijanide  of  Potassium. — Operate  upon  from  .1  to  .2  gramme  of 
the  salt,  conducting  the  titration  as  for  hydrocyanic  acid.  The 
following  reaction  occurs  : — 

2KCy    +    AgN03   =   AgCy,KCy    +  KNO3 
10)169.7 

16.97  =        c.c.  of  staudurd  solution. 

The  United  States  Pharmacopoeia  requires  Cyanide  of  Potassium 
to  contain  90  per  cent,  of  real  cyanide  (KCy). 

Si/rujj  of  Hi/dr iodic  Add. — Operate  upon  10  to  15  grammes. 
The  reaction  which  occurs  is  as  follows : — 

HI  +    AgNOg    =   Agl    +  HNO3 
10)127.6  10)169.7 

12.76  16.97  =  10(10  c.c.  of  standard  solution. 

The  close  of  the  reaction  is  shown  by  the  cessation  of  the  formation 
of  iodide  of  silver,  the  nitric  acid  liberated  rendering  chromate  of 
potassium  inadmissible  as  an  indicator. 

Syritpus  Acidi  Hi/driodici,  U.  S.  P.,  should  contain  1  per  cent, 
of  anhydrous  hydriodic  acid  (III). 

Si/rup  of  Bromide  of  Iron. — About  1  gramme  should  be  used  : — 

FeBrj    +    2AgN03   =   2AgBr    +    Ye  (NO.,)^ 
20)215.5  20)339^ 

10.775  16.97  =  I'lOO  c.c.  of  standard  solution. 

It  should  correspond  to  10  per  cent,  of  bromide  of  iron  (FeBr.,)  to 
fulfil  the  rc([uiroments  of  the  United  States  Pharmacopeia. 
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Si/rup  of  Iodide  of  Iron. — Operate  upon  1  to  2  grainnics  of  the 
syrup  until  no  further  precipitate  is  formed : — 

Fel^  +    2AgN0,   =   2AgI   +  re(NO„), 
20)309.1  20)339.4 

15.455  16.97  =  woo  c.c.  of  stumlanl  solution. 

Si/ntpus  Ftirri  lodkli,  U.  S.  P.,  should  contain  10  per  cent,  of 
iodide  of  iron  (Fel.,). 

Spirit  of  IVinc  {Spiritiis  Rectificalns,  B.  P.)  may  contain  traces 
of  amylic  alcohol  and  aldehyd  ;  these  may  be  detected  ))y  nitrate  of 
silver,  whicli  is  reduced  by  them  to  the  metallic  state.  Any  quan- 
tity beyond  a  mere  trace  of  such  bodies  renders  spirit  of  wine  too 
impure  for  use  in  medicine.  "  Four  fluidounces  with  thirty  grain- 
measures  (about  2  c.c.)  of  the  volumetric  solution  of  nitrate  of 
silver  exposed  for  twenty-four  hours  to  In-ight  light,  and  then  de- 
canted from  the  black  powder  which  has  formed,  undergoes  no 
further  change  when  again  exposed  to  light  with  more  of  the  test." 
— 15.  P.  "  If  20  c.c.  are  shaken  in  a  glass-stoppered  vial,  previously 
well  rinsed  with  the  same  alcohol,  with  2  c.c.  of  test-solution  of 
nitrate  of  silver,  the  mixture  should  not  be  rendered  more  than 
faintly  opalescent  during  one  day's  exposure  to  direct  sunlight  (abs. 
of  more  than  traces  of  foreign  organic  matters,  fusel  oil,  etc.)." — 
U.  S.  P. 

Iodide  of  Potassium  may  be  volumetrically  estimated  by  a  semi- 
decinormat  solution  of  mercuric  chloride,  the  termination  of  the 
operation  being  indicated  by  the  formation  of  a  red  precipitate  :— 

(1)  4KI  -f  HgCl.,  =  2KCI  +  Hgl2,2KI ; 

(soluljle) 

(2)  HgI,,2KI  -t-  IlgCl^  =  2KC1  +  2Hgl2. 

The  author  of  this  process,  M.  Personne,  states  that  neither  chlo- 
rides, bromides,  nor  carbonates  interfere.  Carles  dissolves  the 
iodide  in  spirit  of  wine  of  17-]  per  cent.,  as  much  excess  of  water 
decomposes  the  double  iodide. 

Iodide  of  Iron. — Messrs.  Xaylor  and  Hooper  have  demonstrated 
that  Personne's  solution  is  applicable  to  ferrous  iodide,  even  in  the 
state  of  syrup  : — 

(1)  2FeI,  -t-  HgCl,  =  FeCl,  +  rcI,,TIgT, ; 

(soluble) 

(2)  FeI„IIgI,  +  HgCl,  =  FeCl,  +  2IIgI,. 


QUESTIONS  AND  EXERCISES. 

997.  Explain  the  volumetric  method  of  estimating  the  strength 
of  aqueous  solutions  of  hydrocyanic  acid. 

99!S.  AVf)rk  a  sum  showing  how  mucdi  nitrate  of  silver  will  indi- 
cate, by  the  official  volumi^tric  process,  the  j)resence  of  1  part  of 
real  hydrocyanic  acid.  Aiis.  6.2853  parts. 
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ESTIMATION  OF  SUBSTANCES  READILY  OXIDIZED. 

Any  deoxidizer — that  is,  any  substance  which  quickly  absorbs  a 
definite  amount  of  oxygen  or  is  susceptible  of  any  equivalent  action 
— may  be  quantitatively  tested  by  ascertaining  how  much  of  an 
oxidizing  agent  of  known  power  munt  be  added  to  a  given  quantity 
before  complete  oxidation  is  clfected.  The  oxidizing  agents  em- 
ployed for  this  purpose  in  the  United  States  Pharmacopoeia  are 
iodine  and  the  red  chromate  of  potassium.  Permanganate  of  potas- 
sium is  often  used  for  the  same  purpose.  Iodine  acts  indirectly  by 
taking  hydrogen  from  water  and  liberating  oxygen ;  the  red  chro- 
mate of  potassium  directly,  by  the  facility  with  which  it  yields  three- 
sevenths  of  its  oxygen,  as  indicated  by  the  equations  and  statements 
given  on  p.  575 ;  permanganate  of  potassium,  by  affording  five- 
eighths  of  its  oxygen  in  pi-esence  of  acid, 

2K2Mn208  +  GII2SO,  =  2K2SO,  +  4MnS0,  +  mfi  +  50.,. 

'Standard  Solution  of  Iodine. 
(Iodine,  I  ^  126.G.) 

If  pure  iodine  be  not  at  hand,  it  may  be  prepared  by  mixing  the 
commercial  article  with^  about  a  fourth  of  its  weight  of  iodide  of 
potassium  and  subliming.  Sublimation  may  be  effected  by  gently 
warming  the  mixture  in  a  beaker  the  mouth  of  which  is  closed 
liy  a  funnel ;  the  iodine  vapor  condenses  on  the  funnel,  while 
fixed  impurities  ai'e  left  behind,  and  any  chlorine  which  the 
iodine  may  contain  is  absorbed  by  the  iodide  of  potassium,  an 
equivalent  quantity  of  iodine  being  liljerated.  Small  quantities 
may  be  similarly  treated  between  two  watch-glasses  placed  edge  to 
edge.  Any  trace  of  moisture  in  the  resublimed  iodine  is  removed 
by  exposure  for  a  few  hours  under  a  glass  shade  near  a  vessel  con- 
taining oil  of  vitriol. 

Place  12.66  grammes  of  pure  iodine  and  about  18  grammes  of 
pure  iodide  of  potassium  (an  aqueous  solution  of  which  is  the  best 
solvent  of  iodine ;  the  salt  plays  no  other  part  in  these  operations) 
in  a  litre  flask,  add  a  small  (juantit}'  of  water,  and  agitate  until  the 
iodine  is  dissolved  ;  dilute  to  1  litre.  ' 

The  following  substances  are  officially  estimated  by  this  volu- 
metric solution : — 

Sulphurous  Acid. — Operate  on  al)Out  .5  of  a  gramme  of  the  acid, 
and  dilute  with  water  as  usual.  If  the  sulphurous  acid  be  diluted 
to  a  less  degree  than  .04  or  .05  per  cent.,  there  will  be  some  risk  of 
the  sulphuric  acid  formed  being  again  reduced  to  sulphurous  acid, 
with  liberation  of  iodine.  In  delicate  experiments  the  distilled 
water  used  for  dilution  should  previouslj'  be  freed  from  air  by  boil- 
ing, to  prevent  the  small  amount  of  oxidizing  action  which  dissolved 
air  would  exert.  The  solution  of  iodine  is  then  added  until  a  slight 
permanent  brown  tint  is  produced,  showing  the  presence  of  free 
Kjdine.  A  better  indicator  of  the  termination  of  the  reaction  is 
mucilage  of  starch,  which  gives  a  blue  color  with  the  slightest  trace 
of  free  iodine. 

'J"he  following  equations,  etc.  show  the  reaction  that  takes  place: — 
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ir,SO.,  +  11,0   +   1.2          2HI    +  Tl.SOj 


20)82  20)253.2 

4.1  ]  2.66  =  grms.  ill  1000  c.c.  of  Btaiidiird  solution. 

11,0,  SO.,  +  II.,0  +  I,   =   2III   +  uso, 

20)64  20)253.2 

3.2  12.66  =  grms.  in  1000  c.c.  of  Btaiidard  solution. 


The  official  (U.  S.  P.)  siilpluirous  acid  should  contain  3.5  per 
cent,  of  sulphurous  anhydride  (SO.J. 

Arsenic. — About  .1  gramme  of"  solid  arsenic,  accurately  weighed, 
should  be  dissolved  in  the  usual  qutxntity  of  water,  heated  to  boil- 
ing, by  help  of  about  .5  gramme  of  bicarbonate  of  sodium.  The 
arsenious  acid  is  only  partly,  if  at  all,  converted  into  arsenite  or  ar- 
soniate  of  sodium,  but  the  iodine  reaction  occurs  more  readily  in  an 
alkaline  solution.  When  the  liquid  is  quite  cold,  mucilage  of  starch 
is  added,  and  the  iodine  solution  allowed  to  flow  in  until,  after  well 
stirring,  a  permanent  blue  color  is  produced.  The  official  solution 
(if  arsenite  of  2}oiassium,  already  containing  some  carbonate  of 
potas.sium,  requires  somewhat  less.  10  grammes  is  a  convenient 
(luantity  to  operate  upon.  To  this  should  be  added  the  usual  quan- 
tity of  water  and  about  .3  of  a  gramme  of  Ijicarbonate  of  sodium. 
After  boiling  and  cooling  the  titration  is  carried  on  as  before. — 
AI)out  10  grammes  of  the  official  solution  of  arsenic  in  dilide  hydro- 
c/iloric  arid  is  also  a  convenient  quantity  to  operate  upon.  This 
quantity  requires  alwut  .6  gramme  Of  bicarbonate  of  sodium.  The 
usual  fjuantity  of  water  is  added,  and  the  titration  performed  as  be- 
fore.   The  following  equation  exhibits  the  reaction : — 

As.,0.,  +  51l.fi  +   21,   =   4111    +  2H3AsO^ 
40)197.8  40)506.4 

4.945  12.66  =  grms.  in  1000  c.c.  of  standard  solution. 

Arsenic,  U.  S.  P.,  should  contain  97  per  cent.,  and  both  solutions, 
U.  S.  P.,  contain  .97  per  cent,  of  arsenic. 

Jli/posnlphite  of  Sodium. — About  .4  of  a  gramme  is  a  convenient 
quantity  to  employ.  It  is  dissolved  in  water,  starch  mucilage  added, 
and  the  iodine  solution  slowly  run  in,  the  whole  being  frequently 
stirred,  until  a  pernuinent  blue  color  is  produced.  This  is  the  B.  P. 
process ;  the  U.  S.  P.  orders  a  solution  of  sodium  hyposidphitc  to 
Ijc  shaken  with  solid  iodine. 

In  the  jirevious  reactions  iodine  has  acted  as  an  indirect  oxidizing 
agent  by  uniting  with  the  hydrogen  and  thus  liberating  the  oxygen 
of  water.  In  the  present  Ciisc  it  unites  with  an  analogue  of  hydro- 
gen— namely,  sodium — a  new  salt  (tetrathionate  of  sodium)  being 
simultaneously  produced,  thus: — 

2(Na.,S./)3,5FI,/J)   +    I,   =    2KaI    +    Na^S^Og    +  lOII^O. 

2(J)4%  20)253.2 

24.8  12.60  =  grms.  in  1000  c.c.  of  standnrd  .ndiition. 
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The  United  States  Pharmacopoeia  requires  98  per  cent,  purity  in 
the  case  of  hyposulphite  of  sodium. 

Siil.2)hiie  of  Folansiuin. — About  .1  gramme  is  a  convenient  quan- 
tity to  take,  using  starch  paste  as  an  indicator,  as  before.  The  re- 
action as  below  occurs : — 

K.,S03,2H,0   +   I,    ^   2KI    +    H,SO,    +  11,0 
2.0)19^  20)253.2 

9.7  12.66  =  1000  c.c.  of  staudard  solution. 

Sulphite  of  potassium,  TJ.  S.  P.,  should  contain  90  per  cent,  of  the 
crystallized  salt  (K,S03,2ri20). 

'Bisulphite  of  Sodium. — Operate  upon  .05  to  .07  gramme,  as 
before : — 

NaTISOj    +         +    H2O         NaT    +    H^SO,    +  HI 


20)10£_  20)253.2 

5.2  12.66  =  1000  c.c.  of  standard  solution. 

The  United  States  Pharmacopoeia  requires  bisulphite  of  .sodium  to 
contain  90  per  cent,  of  the  pure  salt  (NallSO,). 

Sulphite  of  Sodium. — Use  for  this  estimation  about  1.  to  .15 
gramme,  and  proceed  as  before : — 

Na,S03,7ri.,O    +    \   =    2NaI    -f    II^SO,    +  GH^O 

20)252_  20}253^ 

12.6  12.66  =  loon  c.c.  of  standard  solution. 

This  also  should  contain  90  per  cent,  of  the  crystallized  salt  to  sat- 
isfy the  demands  of  the  United  States  Pharmacopseia. 


QUESTIONS  AND  EXERCISES. 

999.  Give  equations  illustrative  of  the  reactions  on  which  the 
use  of  a  standard  volumetric  solution  of  iodine  is  based. 

1000.  From  what  point  of  view  may  iodine  be  regarded  as  an 
oxidizing  agent? 

1001.  What  reagent  indicates  the  termination  of  tlie  reaction  be- 
tween deoxidizing  substances  and  moist  iodine? 

1002.  How  much  sulphurous  acid  gas  will  cause  the  absorption 
of  2.54  parts  of  iodine  in  the  volumetric  reaction?  Aus.  .642. 

1003.  What  quantity  of  iodine  will  be  required,  under  appropri- 
ate conditions,  to  oxidize  5  parts  of  arsenic?  Am.  12.008. 

1004.  Find  by  calculation  the  amount  of  hyposulphite  of  sodiunj  anil 
of  .sulphite  of  sodium  whi(di  will  react  with  13  parts  of  iodine  in 
volumetric  analysis.  An.f.  25.4()()  and  12.9384. 
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VOLUMETRIC  SOLUTION  OF  RED  CHROMATE  OF 
POTASSIUM. 

(Red  Chromate  of  Potassium,  KjCi-jO,  =294.8.) 

One  molecule  of  rod  clironuitc  of  potassium  in  presence  of  an 
acid,  under  fuvoral>le  circumstances,  yields  4  atoms  of  oxy^fen  to 
the  liydrojjen  of  the  acid,  leavinjj;  three  available  either  for  direct 
oxidation  or  for  combination  with  the  hydrogen  of  more  acid,  an 
e([uivalent  proportion  of  acidulous  radical  being  liberated  for  any 
required  purpose. 

When  used  as  a  volumetric  agent  the  red  chromate  always  yields 
the  whole  of  its  oxygen  to  the  hydrogen  of  the  accompanying  acid, 
a  corresponding  quantity  of  acidulous  radicals  being  set  free — four- 
sevenths  of  this  radical  immediately  combining  with  the  potassium 
and  chromium  of  the  red  chromate,  three-sevenths  becoming  avail- 
able. Ferrous  may  thus  be  converted  into  ferric  salts  with  sufficient 
rapidity  and  exactitude  to  admit  of  the  estimation  of  an  unknown 
quantity  of  iron  by  a  known  quantity  of  the  red  chromate.  As  1 
iitom  of  any  liberated  bivalent  acidulous  radical  will  convert  2  mole- 
cules of  ferrous  into  1  of  ferric  salt,  1  molecule  of  red  chromate 
causes  ()  of  ferrous  to  become  3  of  ferric,  as  shown  in  the  following 
equation : — 

KjCrOjjCrOa  +  TII^SO,  +  GFeSO,  =  K^SO^Cr^SSO^  +  ^H^O 
+  3(Fe,3SO,). 

The  volumetric  solution  is  made  by  dissolving  14.74  grammes 
of  a  molecular  weight  in  grammes)  of  red  chromate  of  potas- 
sium in  water,  and  diluting  to  1  litre.  It  is  used  in  determining 
the  strength  of  the  ferrous  preparations.  It  is  known  that  the 
whole  of  the  ferrous  has  been  converted  to  ferric  salt  when  a  small 
<lrop  of  the  liquid  placed  in  contact  with  a  drop  of  a  very  dilute 
solution  of  ferridcyanide  of  potassium  ou  a  white  plate  ceases  to 
strike  a  blue  color. 

If  the  red  chromate  employed  in  making  this  standard  solution  is 
not  known  to  be  pure  and  dry,  the  strength  of  the  solution  may  be 
checked  by  dissolving  a  small,  accurately  weighed  piece  of  piano- 
forte wire  (0.4  or  O.o  gramme)  in  diluted  sulphuric  acid  in  a  small 
tlask,  wanning,  and  then  running  in  the  solution  of  red  chromate 
until  conversion  is  effected. 

The  reactions  which  take  place  may  be  thus  expressed : — 

6Fe    +    m^SO^   =   6FeS0.j    +  CH^ 

20)335.4  20)912.4_ 
1G.77  45..57 
6FeS0,   +    KjCrjO,    +  7Il2SO,= 

20)911.4^  20)294.8 

4.'). .'37  14.74  =  Krammcs  in  MOO  c.o.  of  standiird  sohitlon, 

K,S0„Cr,3S0i  -|-  711^0  +  3(Fcj3SO,) 
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It  is  evident  that  16.77  grammes  of  iron  are  equivalent  in  the  re- 
actions to  14.74  of  red  chromate  or  lOOO  c.c.  of  standard  solution  of 
the  chromate.  Now  suppose  that  0.5  of  a  gramme  of  pianoforte  wire 
has  been  employed,  and  the  quantity  of  solution  of  red  chromate  of 
unknown  strength  used  has  been  'IH  c.c.  How  many  c.c.  of  this  solu- 
tion contain  14.74  of  red  chromate?  that  is,  how  many  c.c.  must  ))e 
required  to  oxidize  ferrous  salt  containing  1G.77  of  ii"on?  As  .5  of 
iron  is  to  28  c.c.  sol.,  so  are  10.77  of  iron  to  x  c.c.  sol.  =  939.12  c.c. 
Of  the  supposed  solution,  then,  939.12  c.c.  would  contain  14.74 
grammes  of  red  chromate,  and  would  be  equivalent  to  1000  c.c.  of 
standard  solution.  It  might  be  employed  without  being  diluted,  or, 
better,  be  diluted  to  official  standard  strength. 

Special  care  should  be  taken  in  all  these  est'mations  of  substances 
readily  oxidized  to  avoid  atmospheric  oxidation.  Flasks  may  usually 
be  loosely  corked,  or  corked  closely  with  a  gas  exit-tube  passing  just  . 
beneath  a  little  mercury,  and  in  all  cases  the  estimation  should  Vje 
performed  quickly.  When  standardizing  with  iron  wire  a.ny  slight 
oxidation  may  l)e  remedied  by  a  fragment  of  zinc,  the  last  portions 
of  which  must  be  removed  or  dissolved  before  the  titration  is  com- 
menced. 

The  ferrous  salt  in  the  following  substances  is  estimated  by  this 
solution. 

Arseniate  of  Iron. — Operate  upon  1  to  2  grammes.  Dissolve  in 
excess  of  dilute  sulphuric  or  hydrochloric  acid.  Sulphuric  acid  is 
preferable  in  most  cases,  because  ferrous  sulphate  absorbs  oxygen 
much  less  readily  than  ferrous  chloride.  The  reaction  that  occurs 
is  shown  in  the  following  equation,  the  ferrous  arseniate  being  con- 
verted into  ferric  arseniate  : — 

2(re^2AsO^  +  7II,S0,  +  K,Cr,Oj  = 
20)891_  20)294.8 

44.55  14.74  =  gminmes  in  1000  c.c.  of  standard  sol. 

K.,S0„Cr,3S0,  +  Fe^^',3S0,  +  2(Fe^'V2As0,)  +  7H,0 

Arseniate  of  Iron,  B.  P.,  is  supposed  to  contain  37.9  per  cent,  of  fer- 
rous arseniate.  The  compound  is  more  nearly  a  ferric  than  a  ferrous 
arseniate. 

Phosphate  of  Iron. — Operate  upon  1  to  2  grammes.  Proceed  as 
with  arseniate.  The  following  equation  indicates  the  reaction,  the 
ferrous  phosphate  being  converted  into  ferric  phosphate : — 

2(Fe'^32PO,)  +  IB^SOi  +  K,Cr,p,  = 
20)n5^4  20)294^ 

35.77  14.74  =  lOOO  c.c.  of  standard  solution. 

K^SO^Cr^SSO,  +  ¥e''\SSO^  +  2(Fe'^^,2POJ  +  7II.,0 

The  official  (B.  P.)  requirement  is  nearly  45  per  cent,  of  real  ferrous 
])hosphatc.  Phosphate  of  Iron,  U.  S.  P.,  is  Ferric  Fhosphate,  and 
therefore  cannot  be  -estimated  by  this  solution. 
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Saccharafed  Carbonate. — Proceed  as  with  arscuiate,  using  about 
the  same  quantity : — 

GFeCOj  H-  13ILS0i  +  K.fii:fi^  = 
20)695^  20)2948 

34.77  ■  14.74  =  1000  c.c.  of  standard  solution. 

K.,S04Cr,3SO^  +  SCFe^SSOi)  +  1311,0  +  6C0j 

The  official  (U.  S.  P.)  strength  is  15  per  cent.  Trade  samples  yield 
from  20  to  30,  and  sometimes  35,  per  cent.,  according  to  the  care  with 
which  oxidation  has  been  prevented.  The  theoretical  percentage  ob- 
tainable from  the  ingredients  is  45.5,  the  quantity  that  would  be 
present  if  the  compounds  were  anhydrous  and  unoxidized — condi- 
tions never  obtained  in  practice.  Howie  has  suggested  that  as 
hydrochloric  acid  is  known  to  so  rapidly  convert  ordinary  sugar 
into  inverted  sugar  as  to  render  it  easily  attacked  by  chromic  acid, 
while  phosphoric  acid  very  slowly  affects  sugar,  the  latter  acid  in- 
stead of  the  former  should  be  employed  in  dissolving  the  saccharated 
carbonate  of  iron  for  volumetric  analysis.  Another  mode  of  elim- 
inating the  action  of  sugar  is  to  char  with  oil  of  vitriol  before 
analyzing. 

Magnetic  Oxide  o  f  Iron. — -Use  .about  the  same  quantity,  and  pro- 
ceed as  with  arseniate  or  phosphate.  The  reaction  may  thus  be 
shown : — 

GFejOj  +  SlHjSO^  +  Kfivfi^  = 
20)1390.2  20)294.8 

69.51  14.74  =  grammes  in  1000  c.c.  of  standard  solution. 

K^SO^CrjSSO,  +  9(Fe,3SOJ  +  Slllfi 

or, 

6(Fej03,FeO)  +  3111,80,  +  K,Cr,,0,= 
20)43L4  20)294^ 

21.57  14.74  =  grammes  in  1000  c.c.  of  stand,  solution. 

K,S0,,Cr,3S0,  +  9(Fe.,3SO,)  +  31H,0 

Absolutely  pure  magnetic  oxide  of  iron  contains  31  per  cent,  of 
ferrous  oxide.  Oxidation  occurs,  however,  during  manufacture,  as 
in  the  case  of  the  ferrous  salts  just  described.  The  British  Pharma- 
coprjcia  recognizes  magnetic  oxide  containing  nearly  25  per  cent,  of 
ferrous  oxide. 

Sulphate  of  Iron.. — Operate  upon  about  I  gramme  of  the  crystal- 
lized or  precipitated  salt  in  presence  of  excess  of  sulphuric  acid ; 
the  reaction  which  occurs  has  been  already  given  when  treating 
of  the  standardizing  of  .solution  of  Bichromate  of  Potassium  on 
page  575. 

The  United  States  Pharmacopoeia  demands  almost  alisoluto 
purity  for  both  Fcrri  Sulphas  and  Ferri  Sulphas  I'recipiialus 
(FeS0„7H.,0). 

49 
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Note. — The  use  of  this  volumetric  solution  in  (|U!intitative  analysis 
admits  of  great  extension.  The  student  sliould  at  least  employ  it  in 
the  case  of  a  few  ii'on  ores. 


QUESTIONS  AND  EXERCISES. 

1005.  Write  equations  explanatory  of  the  oxidizing  power  of  red 
chromate  of  potassium. 

1006.  One  hundred  cubic  centimetres  of  an  aqueous  solution  of 
red  chromate  of  potassium  contain  of  the  molecular  weight  of 
the  salt  in  grammes  ;  with  what  weight  of  metallic  iron,  dissolved  in 
hydrochloric  acid,  will  this  volume  react?  Ans.  1.(577  grammes. 

1007.  If  8.34  grammes  of  impure  crystallized  ferrous  sulphate, 
dissolved  in  acidulated  water,  require  93  c.c.  of  the  standard  solution 
of  chromate  for  complete  conversion  into  ferric  salt,  what  percentage 
of  ferrous  sulphate  is  present?  Ans.  92.966. 

1008.  Work  a  sum  showing  how  much  red  chromate  of  potassium 
is  required  for  the  conversion  of  10  parts  of  ferrous  suljjhate  into 
ferric  salt.  Ans.  1.768. 

1009.  Show  what  quantity  of  pure  ferrous  carbonate  is  indicated 
by  1.475  parts  of  red  chromate  as  applied  in  volumetric  analysis. 
Ans.  3.479. 

1010.  Prove  what  amount  of  official  saccharated  carbonate  of 
iron  is  equivalent  to  .7375  part  of  red  chromate  in  the  volumetric 
reaction.  Ans.  11.598. 


ESTIMATION  OF  SUBSTANCES  READILY  DEOXIDIZED. 

Any  substance  which  quickly  yields  a  definite  amount  of  oxygen 
may  be  quantitatively  tested  by  ascertaining  how  much  of  a  deoxi- 
dizing agent  of  known  power  must  be  added  to  a  given  quantity 
before  complete  deoxidation  is  effected.  The  chief  compounds  which 
may  be  used  for  this  absorption  of  oxygen  (deoxidizers  or  reducing 
agents,  as  they  are  commonly  termed)  are  hyposulphite  of  sodium, 
sulphurous  acid,  ferrous  sulphate,*  oxalic  acid,  arsenious  acid.  The 
first  named  is  officially  employed  ;  it  is  only  used  in  the  estimation 
of  free  iodine,  and,  indirectly,  of  chlorine  and  chlorinated  compounds. 
Iodine  and  chlorine  are  regarded  as  oxidizing  agents,  because  their 
great  affinity  for  hydrogen  enables  them  to  become  powerful  indirect 
oxidizers  in  presence  of  water. 

Standard  Solution  of  Hyposulphite  of  Sodium. 
(Crystallized  Hyposulphite  of  Sodium,  Na;Sj03,5H20  =  248.) 

Dissolve  about  27  grammes  of  hyposulphite  of  sodium  in  a  litre 
or  less  of  water.    Fill  a  burette  with  this  solution,  and  allow  it  to 

*  Five  grains  of  permanganate  of  potassium  dissolved  in  water  re- 
quire for  decoloration  a  solution  of  forty-four  grains  of  granulated  sul- 
phate of  iron  acidulated  with  two  fluidrachms  of  diluted  sulphuric 
acid. 
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flow  into  a  beakoi*  containin<i,  say,  If)  c.c.  of  the  volumetric  solution 
of  iodine  until  the  brown  color  of  the  iodine  is  just  discharged,  or, 
starch  Ijeiui^  added,  until  the  blue  iodide  of  starch  is  decolorized. 
(The  latter  affords  tiic  more  delicate  indication.)  AVhen  iodine  and 
hyposulphite  of  sodium  react,  2  atoms  of  iodine  remove  2  of  sodium 
from  2  molecules  of  the  hyposulphite,  tctrathionate  of  sodium  being 
formed,  as  indicated  in  the  following  equation : — 

I,  +  2(Na.,S,03,5Il20)  = 

20)253.2  ^  20)496 

12.66  =  ginis.  of  iodine  in  1001)  c.c.  24.8  =  grms.  of  hypo,  in  1000  c.c. 

2NaI    +    Na.,S,06    +  lOH^O 

Now,  suppose  the  number  of  c.c.  required  to  deoxidize  the  15  c.c. 
of  standard  iodine  were  14  c.c,  how  numy  c.c.  of  this  hyposulphite 
solution  would  be  equivalent  to  1000  c.c.  of  standard  iodine  solution  ? 
In  other  words,  how  many  c.c.  would  contain  24.8  grammes  of  hypo- 
sulphite? As  15  c.c.  iodine  sol.  are  to  14  c.c.  hyposulph.  sol.,  so 
are  1000  iodine  sol.  to  x  hyposulph.  sol.  =  933  c.c.  Therefore,  933 
c.c.  of  this  solution  of  hyposulphite  would  contain  24.8  grammes 
of  the  salt,  and  be  equivalent  to  1000  c.c.  of  the  official  standard 
solution.  The  933  c.c.  would  be  diluted  to  1000  c.c,  or  be  used 
without  dilution.  In  either  case  its  strength  would,  as  usual,  be 
recorded  on  the  label.  The  following  substances  are  estimated 
officially  hj  means  of  this  solution. 

Chlorine- Water.- — About  10  grammes  are  operated  upon.  Excess 
of  iodide  of  potassium  is  added ;  that  is,  to  10  grammes  of  solution 
of  chlorine  about  half  a  gramme  of  iodide.  An  amount  of  iodine 
is  set  free  by  the  chlorine  exactly  in  proportion  to  their  atomic 
weights.  The  titration  is  then  conducted  as  already  described. 
The  following  shows  the  reaction : — 

CI.,     +     2KI     =    I,     +  2KC1 

20)IL  20)253^ 
3.55  12.66 

\  +  2(Na.,S,03,5n.p)  =  2NaI  +  Na^S^Os  +  1011,0 

 ^.  ' 

20)253.2  20)496 

12.66  24.8  =  graminps  in  1000  c.c.  of  standard  solution. 

It  is  evident,  then,  that  1000  c.c.  of  standard  solution  of  hypo- 
sulphite of  sodium,  or  a  corresponding  quantity  of  a  solution  of 
different  strength,  is  equivalent  to  3.55  grammes  of  chlorine  gas. 
('hlorine-Water  of  the  United  States  Pharmacopoeia  contains  .4  per 
cent,  of  chlorine  giis. 

Iodine. — Solid  iodine  is  dissolved  in  solution  of  iodide  of  potas- 
sium, and  titratfid  as  already  described.  About  .2  of  a  gramme  is  a 
convenient  (juantity  to  employ.  1000  c.c.  of  standard  hyposulphite 
solution  are  equivalent,  as  seen  in  the  equation,  to  12.66  of  iodine. 
The  United  States  I'harmacopoeia  rt^quires  "ioilinc"  to  contain  100 
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per  cent,  of  real  iodine.  It  is  assumed  in  this  operation  that  the 
iodine  has  been  shown  by  qualitative  anal3'sis  to  be  free  from  chlo- 
rine and  bromine.  These  elements  resemble  iodine  in  reacting 
upon  hyposulphite  of  sodium,  hence  would  reckon  as  iodine  in  a 
volumetric  assay. 

C  hlo  r  ilia  fed  Lime. — Operate  on  from  .1  to  .2  of  a  gramme.  Dis- 
solve in  the  usual  quantity  of  water,  and  add  excess  either  of  dilute 
hydrochloric  or  dilute  sulphuric  acid  and  of  iodide  of  potassium: 
.1  to  .2  of  a  gramme  of  chlorinated  lime  would  require  .4  to  .8  of  a 
gramme  of  iodide  of  potassium.  The  following  equations  show  the 
i-eactions : — 

CaOCl.,   +   2IIC1   =  CaCl^   +   11,0   +  CI,; 

or, 

CaOCl,  +   H^SO,  =  CaSO,  +   H^O   +  CI,. 

The  chlorine  thus  set  free  liberates  an  equivalent  amount  of  iodine, 
and  this  is  titrated  as  before.  (vSee  the  equations  for  solution  of 
chlorine.)  This  chlorine,  liberated  from  chlorinated  lime  by  acids, 
is  its  available  chlorine  for  indirect  oxidizing  action.  It  should 
correspond  (U.  S.  P.)  to  25  per  cent. 

Solution  of  Chlorinated  Lime. — About  2  grammes  is  a  convenient 
quantity  to  operate  upon.  1  gramme  of  iodide  of  potassium  and 
excess  of  acid  should  be  added,  and  the  available  chlorine  deter- 
mined as  in  the  case  of  the  solid.  The  official  (U.  S.  P.)  require- 
ment is  2.9  j)er  cent,  of  available  chlorine. 

Solution  of  Chlorinated  Soda. — About  2  grammes  are  mixed  with 
the  usual  quantity  of  water,  excess  of  acid  added,  and  about  1 
gramme  of  iodide  of  potassium.  The  available  chlorine  is  esti- 
mated as  in  the  case  of  chlorinated  lime.  The  reaction  by  which 
the  chlorine  is  evolved  is  similar : — 

NaCl,NaOCl  +  2IIC1  =  2NaCl  +  11,0  +  CI,. 

The  action  of  the  liberated  chlorine  on  the  iodide  of  potassium 
and  the  iodine  on  the  hyposulphite  solution  has  been  given  under 
"  Solution  of  Chlorine."  The  official  (U.  S.  P.)  ro(piirement  is  2 
per  cent,  of  available  chlorine. 

Compound  Solution  of  Iodine. — Process  as  before,  using  1  or  2 
grammes ;  the  reaction  has  already  been  given.  The  requirements 
of  the  United  States  Pharmacoi^oeia  are  5  per  cent,  of  free  iodine. 

■Tincture  of  Iodine. — Use  about  1  gramme.  It  will  contain  8  per 
cent,  of  free  iodine  when  of  official  strength. 


QUESTIONS  AND  EXERCISES. 

1015.  For  what  purposes  is  the  official  volumetric  solution  of 
hyposulphite  of  sodium  used? 

IQIB.  On  what  reaction  is  based  the  quantitative  emploj'ment  of 
hyposulphite  of  sodium  ? 

1017.  How  much  liyposulphite  of  sodium  is  required  to  show  the 
presence  of  10  parts  of  iodine?  An.\-.  H).527. 
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1018.  To  what  amount  of  chlorine  is  4.96  parts  of  hyposulphite 
of  sodium  equivalent  in  vokuneti-ic  analysis?  Ans.  0.71. 

1019.  Describe  the  operation  included  in  the  estimation  of  the 
strength  of  bleach  ing-powder. 

1020.  By  what  reagent  is  the  complete  absoi'ption  of  free  iodine 
by  hyposulphite  of  sodium  indicated? 

MISCELLANEOUS  PROBLEMS. 

1021.  Work  sums  showing  how  much  bicarbonate  of  potassium 
is  contained  in  an  eight-ounce  bottle  of  medicine,  seven  fluidrachms 
of  which  are  saturated  by  two  and  a  half  grains  of  crystallized 
oxalic  acid.  Ans.  36.3  grains. 

1022.  A  sfimple  of  soda-ash  is  said  to  contain  78  per  cent,  of  pure 
anhydrous  carbonate  of  sodium;  if  the  statement  is  true,  how  much 
of  the  official  volumetric  solution  of  oxalic  acid  will  saturate  5 
grammes  of  the  specimen?  Ans.  73.6. 

1023.  2.69  grammes  of  common  brown  sulphuric  acid  are  satu- 
rated by  43.5  cubic  centimetres  of  the  official  volumetric  solution  of 
soda;  how  much  acid  of  96.8  per  cent,  is  present?  Ans.  The  2.69 
contained  2.2. 

1024.  Four  grammes  of  a  litre  and  a  half  of  concentrated  hydro- 
cyanic acid  are  neutralized  by  89  cubic  centimetres  of  volumetric 
solution  of  nitrate  of  silver  of  official  strength  by  the  official  process: 
to  what  volume  must  the  bulk  of  the  acid  be  diluted  for  the  produc- 
tion of  acid  of  pharmacopoeial  strength?  Ans.  4j  litres. 

1025.  3.18  grammes  of  a  powder  containing  arsenic  require  for 
complete  reaction  84  cubic  centimetres  of  a  volumetric  solution  of 
iodine,  which  is  1.43  per  cent,  weaker  than  the  standard  solution  of 
the  United  States  Pharmacopoeia;  what  percentage  of  pure  arsenic 
is  contained  in  the  powder?  Ans.  12.863. 

1026.  How  much  pure  metal  is  present  in  a  sample  of  iron  1.68 
of  a  gramme  of  which,  dissolved  in  dilute  sulphuric  acid,  is  exactly 
attacked  by  95.7  cubic  centimetres  of  semi-decinormal  volumetric 
solution  of  red  chromate  of  potassium  which  is  6  per  cent,  too 
strong  ? 


GRAVIMETRIC  QUANTITATIVE  ANALYSIS. 

ESTIMATION  OF  METALS. 
POTASSIUM. 

Outline  of  the  Process. — This  element  is  usually  estimated  in  the 
form  of  double  chloride  of  potiissium  and  platinum.  Qualitative 
analysis  having  proved  the  presence  of  potassium  and  other  riuli- 
cals  in  a  substance,  a  small  quantity  of  the  material  is  accurately 
weighed,  dissolved,  and  the  other  elements  removed  by  appropriate 
reagents;  the  precipitates  are  well  washed,  in  order  that  no  trace 
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of  the  potassium  salt  shall  be  lost,  the  resultiiif^  liquid  concentrated 
over  a  water-hath  (to  avoid  loss  that  would  occur  mechanically 
during  el)ullitlon),  hydrocholoric  acid  added  if  necessary,  solution  of 
perchloride  of  platinum  poured  in,  and  evaporation  continued  to 
dryness ;  excess  of  the  perchloride  is  then  dissolved  out  by  adding 
to  the  dried  residue  spirit  of  wine  containing  half  its  bulk  of  ether 
(a  liquid  in  which  the  double  chloride  is  insoluble),  the  mixture 
carefully  poured  on  to  a  tared  and  dried  filter,  washed  with  the  spirit 
till  every  trace  of  free  perchloride  of  platinum  is  removed,  the  whole 
dried  and  weighed  ;  from  the  resulting  amount  the  jjroportion  of 
potassium,  or  equivalent  quantity  of  a  salt  of  potassium,  is  ascer- 
tained by  calculation. 

Note. — From  this  short  description  it  will  be  seen,  first,  that  the 
chemistry  of  quantitative  is  the  same  as  that  of  qualitative  analysis ; 
second,  that  the  principle  of  gravimetric  is  the  same  as  that  of 
volumetric  quantitative  analj^sis :  the  combining  proportions  being 
known,  unknown  quantities  of  elements  may  be  ascertained  by 
calculation  from  known  quantities  of  their  compounds. 

Ajyparafiis. — In  addition  to  a  delicate  balance  and  weights 
and  the  common  utensils,  a  few  special  instruments  are  used  in 
quantitative  manipulation  ;  some  of  these  may  be  prepared 
before  proceeding  with  the  estimation  of  potassium. 

FilteriiKj-paper  may  be  of  the  kind  known  as  "  Swedish," 
the  texture  of  which  is  of  the  requsite  degree  of  closeness 
and  its  ash  small  in  amount.  A  large  number  of  circular  pieces 
of  one  size,  six  to  eight  centimetres  in  diameter,  should  be  cut 
ready  for  use.  In  delicate  experiments,  where  a  precipitate  on 
a  filter  has  to  be  ignited  and  the  paper  consequently  burnt,  the 
weight  of  the  ash  of  the  filter  must  be  deducted  from  the  weight 
of  the  residue.  The  ash  is  estimated  after  burning  ten  or 
twenty  of  the  cut  filters.  These  are  folded  into  a  small  com- 
pass, a  portion  of  a  piece  of  platinum  wire  twisted  a  few  times 
round  the  packet,  so  as  to  form  a  cage,  the  whole  held  by  the 
free  end  of  the  wire  over  a  weighed  porcelain  crucible  placed 
in  the  centre  of  a  sheet  of  glazed  paper,  the  bundle  ignited  by 
a  spirit-lamp  or  smokeless  gas-flame,  the  flame  allowed  to  im- 
pinge against  the  charred  mass  till  it  falls  into  the  crucible 
below,  any  stray  fragments  on  the  sheet  carefully  shaken  into 
the  crucible,  the  latter  placed  over  a  flame  till  carbon  has  all 
burnt  ofi"  and  nothing  but  ash  remains,  the  whole  cooled, 
weighed,  and  the  weight  of  the  crucible  deducted ;  the  weight 
of  the  residue  divided  by  the  number  of  pieces  used  gives  the 
average  amount  of  ash  in  each  filter. 

A  jjair  of  loevjliing-t.nhcs  (Fig.  74),  for  holding  dried  filters 
during  operations  at  the  balance,  may  be  made  from  two  test- 
tubes,  one  fitting  closely  within  the  other.    About  five  cen- 
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timetres  of  the  closed  end  of  the  outer  and  seven  of  the 
inner  are  cut  off  by  leading  a  crack  round  the  tube  with  a 


A  jiair  of  weijjliing-tubea. 


Clamped  watdi-glass  for  weighing. 


The  washiug-bottle. 


pencil  of  incandescent  charcoal,  and  the  sharp  edges  fused  in 
the  blowpipe-flame.  A  filter,  after  drying,  is  quickly  folded 
and  placed  in  the  narrower  tube,  the  mouth  of  which  is  then 
closed  by  the  wider  tube.  This  prevents  reabsorption  of  moist- 
ure from  the  air. 

A  pair  of  icatch-fflaxse.i,  having  accurately  ground  edges 
and  clamped,  as  shown  in  Fig.  TS,  also  form 
a  convenient  arrangement  for  weighing  fil-        Fig.  76. 
ters,  etc. 

The  loashi.ng-hottle^  holding  the  spirit  of 
wine  and  ether,  is  a  common  flask  through 
the  cork  of  which  a  short  straight  tube  passes. 
The  outer  end  of  the  tube  should  be  sufli- 
ciently  narrowed  to  enable  it  to  deliver  a 
very  fine  stream  of  the  liquid.  The  flask 
being  inverted,  the  warmth  of  the  hand  ex- 
pands the  air  and  vapor  to  a  sufficient  extent 
to  force  out  the  liquid. 

T/ie  ordimiri/  wdxhinj-hnttle  for  quantitative  operations  should 
be  formed  of  a  flask  in  which  water  may  be  boiled,  fitted  up  as 
usual  (ride,  p.  107). 

A  water-oven  is  the  best  form  of  drying-apparatus.  It  is  a  small 
square  copper  vessel,  jacketed  on  five  sides  and  having  a  door  on  the 
sl.xth  ;  water  is  poured  into  the  space  between  the  inner  and  outer 
casing,  and  the  whole  placed  over  a  gas-lamp  or  source  of  heat, 
moist  air  and  stoani  csfiaping  by  appropriate  apertures.  Desiccation 
at  higher  tonqioratures  than  the  boiliTig-])oint  of  M-^ater  may  be  prac- 
tised by  using  oil  or  paraffin  instead  of  water,  inserting  a  ther- 
mometer in  the  fat.  The  apparatus  may  be  purchased  of  any  maker 
of  chemical  instruments. 

Pure  distilled  icater  must  be  used  in  all  rpuxntitative  determina- 
tions. 

Note. — In  practising  the  operations  of  quantitative  analysis,  ex- 
periments should  at  first  be  conducted  on  dellinte  salts  of  known 
composition,  for  the  accuracy  of  results  uuiy  then  be  tested  by 
calculation. 

Estimation  of  Potassium  in  the  Form  of  Double  Chloride  of 
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Potassium  and  Platinnm. — Select  two  or  three  crystals  of  pure 
nitrate  of  potassium,  powder  them  in  a  clean  mortar,  dry  the 
powder  by  gently  heating  in  a  porcelain  crucible  over  a  flame 
for  a  few  seconds,  place  about  a  couple  of  decigrammes  (0.2 
grm.)  of  the  powder  in  a  counterpoised  watch-glass,  accurately 
weigh  the  selected  quantity,  transfer  to  a  small  dish,  letting 
water  from  a  wash-bottle  flow  over  the  watch-glass  and  run 
into  the  dish,  warm  the  dish  till  the  nitrate  is  dissolved,  acid- 
ulate with  hydrochloric  acid,  add  excess  of  aqueous  solution  of 
perchloride  of  platinum  (a  quantity  containing  about  0.4  of 
solid  salt),  evaporate  to  dryness  over  a  water-bath.  While 
evaporation  is  going  on  place  a  filter  and  the  weighing-tubes 
in  the  water-oven,  exposing  them  to  a  temperature  of  100°  C. 
for  about  half  an  hour  ;  fold  the  filter  and  insert  it  in  the  tubes, 
place  them  on  a  plate  under  a  glass  shade,  and  when  cold 
accurately  note  their  weight.  Arrange  the  weighed  filter  in  a 
funnel  over  a  beaker.  Transfer  the  dried  and  cooled  platinum 
salt  from  the  dish  to  the  filter  by  moistening  the  residue  with 
the  mixture  of  alcohol  and  ether,  and  when  the  salt  is  loosened 
pouring  the  contents  of  the  dish  into  the  paper  cone.  Any 
salt  still  adhering  may  be  freed  by  the  finger,  which,  together 
with  the  dish,  should  be  washed  in  the  stream  of  spirit,  the 
rinsings  once  flowing  into  the  filter.  The  filtrate  should 
have  a  yellowish-brown  color,  due  to  the  excess  of  perchloride 
of  platinum.  If  it  is  colorless,  an  insufiicient  amount  of  per- 
chloride has  been  added,  and  the  whole  operation  must  be 
repeated.  The  washed  precipitate  and  filter  are  finally  dried 
in  the  water-oven,  folded  and  placed  in  the  weighing-tubes,  the 
drying  continued  until  the  whole,  after  repeated  weighing  when 
cold,  ceases  to  alter ;  the  final  weight  is  noted. 

Note. — If  filters  are  not  freed  from  all  trace  of  acid  by  thoi'OU<jh 
washing,  the  paper  will  be  brittle  when  dry,  falling  to  pieces  on  being 
folded. 

Analytical  memoranda  in  the  note-book  may  have  the  fol- 
lowing form  : — 

Watch-glass  and  substance  

Watch-glass  

Substance  .... 

Weighing  tubes,  filter,  and  Pt  salt  .    .  . 

Weighing  tubes  and  filter  

PtCl4,2KCl    .    .  . 
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The  calculations  are  simple  : — 

As  I   ^4g4  g    I   are  equivalent  to   |  _  202  |  ' 
r  the  weight  of  ~\ 
so     double  chloride  [-  is  equivalent  to      a;  will  be  the  amount 
obtained  j 

of  pin-e  nitrate  of  potassium  in  the  quantity  of  substance  ope- 
rated on.  X  should,  in  the  present  instance,  be  identical  with 
the  weight  of  substance  taken,  because,  for  educational  pur- 
poses, pure  nitre  is  under  examination.  Only  after  analyses  of 
pure  substances  have  yielded  the  operator  results  identical  with 
those  by  calculation  can  analyses  of  substances  of  unknown 
degree  of  purity  be  undertaken  with  confidence.  A  Table  of 
Atomic  Weights,  from  which  to  find  molecular  weights,  is  given 
in  the  Appendix. 

Platinum  residues  should  l3e  preserved,  and  the  metal  recovered 
from  them  from  time  to  time  {vide  p.  245). 

Hot  alcohol  sometimes  reduces  perchloride  of  platinum,  the  metal 
being  thrown  out  of  solution  in  a  finely-divided  form  known  as  plati- 
num black ;  only  aqueous  solutions,  therefore,  of  the  salt  should  be 
used  where  heat  is  employed.  Hence,  also,  in  washing  out  excess  of 
perchloride  of  platinum  from  the  double  chloride  of  platinum  and 
potiissiuin  by  spirit  the  application  of  heat  should  be  avoided. 

Effervesciiuj  Fotash-waier  {Liquor  Fotassce  Effervescens,  B.  P.) 
is  most  easily  estimated  volumetrically  (p.  561).  Any  adulteration 
by  an  ei|uivalent  amount  of  bicarbonate  of  sodium  would,  however, 
by  that  process  be  undetected ;  hence  the  Pharmacopoeia  directs  that 
"5  fluidounces,  evaporated  to  one-fifth,  and  12  grains  of  tartaric 
acid  added,  yield  a  crystalline  precipitate  which,  when  dried,  weighs 
not  less  than  12  grains."  Five  fluidounces  of  this  preparation  should 
contain  7. 5  grains  of  bicarbonate,  convertible  into  14.1  grains  of  acid 
tartrate  of  potassium  Ijy  11.25  gi-ains  of  tartaric  acid.  The  method 
is  somewhat  rough,  Init quite  efficient  for  "potash-water"  containing 
nothing  but  bicarbonatos  of  alkali-metals. 

Projynrtwnal  Wrlrflifs  of  Equivalent  Quantities  of  Potassium 

and  its  tSallx. 

Metal  K,  Y8 

Oxide  ("potash")  ....    K,0  94 

Hydrate  ("  caustic  potash  ")     2KH0  112 

Carbonate  (anhydrous)    .    .    K.^CO:,  138 

Carbonate  (crystalline)    .    .    K,CO;, -|- 16  %  aq.   .  164.285 

Bicarbonate  2K1IC0,    ....  200 

Nitrate  2KN0,  202 

Platinum  salt  PtCl4,2KCl     .    .    .  484.8 
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SODIUM. 

Sodium  is  usually  estimated  as  sulphate.  Accurately  weigh 
a  porcelain  crucible  and  lid,  place  within  about  .3  grm.  of  pure, 
rock-salt,  and  again  weigh,  making  a  memorandum  of"  the  weights 
in  a  note-book.  Add  rather  more  strong  sulphuric  acid  than 
may  be  considered  sufficient  to  convert  the  chloride  into  acid 
sulphate  of  sodium.  Heat  the  crucible  gradually,  the  flame 
being  first  directed  against  the  side  of  the  crucible  to  avoid 
violent  ebullition,  until  fumes  of  acid  cease  to  be  evolved, 
toward  the  end  of  the  operation  dropping  in  one  or  two  frag- 
ments of  cai'bonate  of  ammonium  to  facilitate  complete  expul- 
sion of  all  excess  of  acid.  When  cold,  weigh  the  crucible  and 
contents.  The  weight  of  the  crucible  having  been  deducted, 
the  amount  of  sulphate  obtained  should  be  the  exact  equivalent 
of  the  quantity  of  chloride  of  sodium  employed. 

2NaCl  +  H,SO,  =  Na^SO,  +  2HC1. 

117  142 

Proportional  Weights  of  Equivalent  Quantities  of  Sodium  and 

its  Salts. 

Metal  Na..   46 

Oxide  ("  soda ")  Na,0   62 

Hydrate  ("  caustic  soda ")      .    .    2NaH0  ....  80 

Carbonate  (anhydrous)  ....    Na.^CO,  ....  106 

Carbonate  (crystals)  Na,,CO,,10H.,O .    .  286 

Bicarbonate  2NaHC0,   ...  168 

Chloride   2NaCl    ....  116.8 

Sulphate  (anhydrous)    ....    Na^SO^   ....  142 

Sulphate  (crystals)  Na,SO„10H,O .    .  322 


AMMONIUM. 

Salts  of  ammonium  are,  for  purposes  of  quantitative  analysis, 
generally  converted  into  the  double  chloride  of  ammonium  and 
platinum  (PtCl4,2NH4Cl),  the  details  of  manipulation  being  the 
same  as  those  observed  in  the  case  of  potassium.  About  0.15 
grm.  of  pure,  white,  dry  chloride  of  ammonium  may  be  taken 
for  experiment. 

Composition  of  the  Pr.ATiNi'M  Salt. 

Ill  I  iniilec.  wt.  In  100  parts. 

Pt    .    .    .    194.4  .    .    .    194.4  .    .    .  43.903 

Cig  .    .    .     35.4  X  0    ■    ■    •    212.4  .    .    .  47.967 

.    .  -.     14.0  X  2    ...     28  ...  6.324 

Ha  .    .    .       1.0  X  «    .    •    •      8  .    .    .  1.806 

442.8  100.000 
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In  1  nioJec.  wt.  In  100  parts, 

or,  PtCl,    .    .    336  ...    33G      .  .    .  75.88 

2N1I^C1    .     53.4  X  ^    •    .    .    106:8    .  .    .  24J2 

442.8  i  00,00 

The  proportion  of  nitrogen,  anmionium,  or  chloride  of  am- 
monium in  tlie  double  chloride  may  also  be  ascertained  from 
the  weight  of  platinum  left  on  igniting  the  double  chloride  ;  for 
this  purpose  heat  must  be  applied  slowly,  or  platinum  will  be 
mechanically  carried  off  with  the  gaseous  products  of  decom- 
position. 

Proportional  Weights  of  Equivalent  Quantities  of  Ammomacal 

Comjyounds. 

Ammonia  (gas)  2NH.,     ....  34 

Ammonium  (NH4)2?.    ...  36 

Chloride  of  ammonium  ....    2NH^C1  ....  106.8 

Platinum  salt  '  .    .    PtCl4,2NH,Cl  .    .  442.8 

"  Carbonate  of  ammonium  "  .  .  (NJiieCaOg) 2  .  118 
Sulphate  of  ammonium  ....    (NH4)2S04  .    .    .  132 


BARIUM. 

Barium  is  estimated  in  the  form  of  anhydrous  sulphate  of 
barium  (BaSOj). 

Process. — Dissolve  0.3  or  0.4  grm.  of  pure  crystallized  and  dried 
chloride  or  nitrate  of  barium  in  about  half  a  litre  of  water  in  a 
beaker,  heating  to  incipient  ebullition,  and  slightly  acidulating 
with  hydrochloric  or  nitric  acid.  Add  diluted  sulphuric  acid 
(prepared  some  days  previously,  so  that  sulphate  of  lead  may 
have  deposited)  so  long  as  a  precipitate  forms;  keep  the  mix- 
ture hot  for  some  time,  set  aside  for  half  an  hour,  pass  the 
.supernatant  liquid  through  a  filter,  gently  boil  the  residue  two 
or  three  times  with  more  water;  finally,  collect  the  precipitate 
on  the  filter,  removing  adherent  particles  from  the  beaker  by 
the  finger  and  cleansing  by  a  stream  of  hot  water  from  the 
wash-bottle.  The  precipitate  must  be  washed  with  hot  water 
until  the  filtrate  ceases  to  turn  litmus-paper  red  or  give  any 
cloudiness  when  tested  with  chloride  of  barium.  The  filter  and 
sulphate  of  barium,  having  thoroughly  drained,  are  dried  in  a 
warm  place,  commonly  by  supporting  the  funnel  in  an  inverted 
bottomless  beaker  over  a  sand-bath  or  hot  plate. 

The  sulphate  of  barium  is  now  removed  from  the  filter, 
heated  to  drive  off  every  trace  of  moisture,  and  weighed.  This 
is  accomplished  by  placing  a  weighed  porcelain  crucible  (and 
cover)  on  a  sheet  of  glazed  paper,  holding  the  filter  over  it, 
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and  carefully  transferring  the  precipitate ;  the  sides  of  the 
filter  are  then  gently  rubbed  together  and  detached  powder 
dropped  into  the  crucible,  the  paper  folded,  encased  in  two  or 
three  coils  of  one  end  of  a  platinum  wire  and  burnt  over  the 
crucible,  ash  and  any  particles  in  the  sheet  of  paper  dropped 
into  the  sulphate  of  barium,  the  open  crucible  exposed  oA-er  a 
flame  till  its  contents  are  quite  white,  covered,  cooled,  and 
weighed. 

Foimulfe.  Molecular 
weights. 

Chloride  of  barium  ....  BaCl.„2H20  .  243.6 
Nitrate  of  barium  ....  Ba2N03  .  260.8 
Sulphate  of  barium     .    .    .    BaSOi  •  232.8 


Composition  of  Sulphate  of  Barium. 


In  1 

In  100 

molec.  wt. 

parts. 

136.8.  . 

.    .  136.8 

.  58.77 

32    .  . 

.    .    32  . 

.  13.73 

16X4. 

.    .    64  . 

.  27.50 

232.8 

100.00 

In  these  educational  experiments  it  is  unnecessary  to  take 
filter-ash  into  account.  Inevitable  mistakes  of  manipulation 
commonly  cause  far  greater  errors. 


CALCnTM. 

Calcium  is  usually  thrown  out  of  solution  in  the  form  of  oxa- 
late, the  precipitate  ignited,  and  the  resulting  carbonate  weighed. 

Process. — Dissolve  0.3  grm.  or  0.4  of  di"ied  colorless  crystals 
of  calc-spar  in  about  a  thii'd  of  a  litre  of  water  acidulated  with 
hydrochloric  acid,  heat  the  solution  to  near  the  boiling-point, 
add  excess  of  solution  of  oxalate  of  ammonium,  then  ammonia, 
until,  after  stirring,  the  liquid  smells  strongly  ammoniacal ;  set 
aside  in  a  warm  place  for  twelve  hours.  Carefully  pour  oif 
the  supernatant  liquid,  passing  it  through  a  filter ;  add  hot 
water  to  the  precipitate,  set  aside  for  half  an  hour,  again 
decant,  and  after  once  more  washing  transfer  the  precipitate  to 
the  filter,  allowing  all  contained  fluid  to  pass  through  before  a 
fresh  portion  is  added.  Wash  the  precipitate  with  hot  water, 
avoiding  a  rapid  stream  or  the  precipitate  may  be  driven 
through  the  pores  of  the  paper.  Dry,  transfer  to  a  weighed 
crucible,  and  incinerate,  as  described  for  sulphate  of  barium, 
and  slowly  heat  the  precipitate  till  the  bottom  of  the  crucible 
is  just  visibly  red  when  seen  in  the  dark.    As  soon  as  the 
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residue  is  white  or  only  faintly  gray  remove  the  lamp,  cool, 
and  weigh. 

The  resulting  carbonate  of  calcium  should  have  the  same 
weight  as  the  calc-spar  from  which  it  was  obtained.  If  loss 
has  occurred,  carbonic  acid  gas  has  probably  escaped.  In 
that  case  moisten  the  residue  with  water,  and  after  a  few 
minutes  test  the  liquid  with  red  litmus-  or  turmeric-paper ;  if 
an  alkaline  reaction  is  noticed,  it  is  due  to  the  presence  of 
caustic  lime.  Add  a  small  lump  of  carbonate  of  ammonium, 
evaporate  to  dryness  over  a  water-bath,  and  again  ignite,  this 
time  being  careful  not  to  go  beyond  the  prescribed  temperature. 
The  treatment  may,  if  necessary  be  repeated. 

Proportional  W(d(jlUs  of  Equivalent  Quantities  of  Calcium 

Salts. 

Oxide  (quicklime)   CaO  56 

Hydrate  (slaked  lime)     ....  Ca2H0  ....  74 

Carbonate   CaCO,    .    .    .  .100 

Sulphate  (anhydrous)   CaSO^    ....  136 

Sulphate  (crystalline  or  precipitated)  CaS04,2H,0    .    .  172 

Chloride   CaCl^      .    .    .  .111 

Phosphate  (of  bone)   (Ca32PO0310  ^  3  103.3 

Superphosphate   CaH,2P04  .    .  .234 

MAGNESIUM. 

Process  1. —  The  liijlit  or  lieary  carbonate  of  iriKgnesium  of 
pharmacy  may  be  estimated  by  heating  a  weighed  quantity  to 
redness  in  a  porcelain  crucible.  If  it  has  the  composition 
indicated  by  the  formula  given  in  the  British  Pharmacopoeia 
(3MgCO:„Mg2HO,4H,0),  it  will  yield  42  per  cent,  of  mag- 
nesia (MgO).  According  to  that  work,  the  purity  of  even 
sulphate  of  magnesium  (MgSOj,7H;jO)  may  be  determined  by 
boiling  a  weighed  quantity  with  excess  of  carbonate  of  sodium, 
collecting  the  precipitate,  washing,  drying,  igniting,  and  weigh- 
ing the  resulting  magnesia  (MgO).  The  cry.stalline  sulphate 
should  afford  16.26  per  cent,  of  oxide.  The  official  solution  of 
carbonate  of  magnesium  in  carbonic  acid  water  (^Liquor  Mag- 
ni-aise,  Carbonatis^  B.  P.)  should  yield  five  grains  of  pure  oxide 
of  magnesium  per  fluidounce. 

Process  2. —  The  r/mrral  form  in  ivhich  nKrgnrsium  is  prerip- 
ifat/'d  is  as  phosphate  of  ammonium  and  magnesium  (MgN 
HiPOj.OHr^O)  ;  this,  by  heat,  is  converted  into  pyrophosphate 
of  magnesium  (Mg.^'/.);).  Accurately  weigh  a  small  quantity 
(0.4  to  0.5  grm.)  of  pure  dry  crystals  of  sulphate  of  magne- 

50 
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fiium,  dissolve  in  two  or  three  hundred  cubic  centimetres  of  cold 
water  in  a  beaker,  add  chloride  of  ammonium,  ammonia,  and 
phosphate  of  sodium  or  ammonium,  agitate  with  a  glass  rod 
(without  touching  the  sides  of  the  vessel,  or  crystals  will  firmly 
adhere  to  the  rubbed  portions),  and  set  aside  for  twelve  hours. 
Collect  on  a  filter,  wash  the  precipitate  with  water  containing 
a  tenth  of  its  volume  of  the  strongest  solution  of  ammonia, 
until  the  filtrate  ceases  to  give  a  precipitate  with  an  acidulated 
solution  of  nitrate  of  silver.  Dry,  transfer  to  a  crucible,  burn 
the  filter  in  the  iisual  way,  heat  slowly  to  redness,  cool,  and 
weigh. 

Projjortioiial  Weights  of  Equivalent  Quantities  of  Magnesium 

Salts, 

Pyrophosphate  .    .    Mg,P,0,  222 

Sulphate  ....    2(MgS04,YH,,0)  492 

Oxide  2(MgO)   80 

Ofiicial  carbonate    .    (3MgCO,,Mg2HO,4H,0)  ^2    .    .  191 


ZINC. 

Zinc  is  usually  estimated  as  oxide  (ZnO),  occasionally  as 
sulphide  (ZnS). 

Process. — Dissolve  a  weighed  quantity  (0.5  to  0  6grm.)  of  sul- 
phate of  zinc  in  about  half  a  litre  of  water  in  a  beaker,  heat  to 
near  the  boiling-point,  add  carbonate  of  sodium  in  slight  excess, 
boil,  set  aside  for  a  short  time ;  pass  the  supernatant  liquid 
through  a  filter,  gently  boil  the  precipitate  with  more  water, 
again  decant ;  repeat  these  operations  two  or  three  times ;  col- 
lect the  precipitate  on  the  filter,  wash,  dry,  transfer  to  a 
crucible,  incinerate,  ignite,  cool,  and  weigh.  286.9  (=  molec. 
weight)  of  sulphate  should  yield  80.9  (=  molec.  weight)  of 
oxide. 

MANGANESE. 

To  ascertain  its  value  for  evolving  chlorine  from  hydrochloric 
acid  a  weighed  quantity  of  finely-powdered  black  oxide  of 
manganese  is  heated  in  a  small  flask  with  pure  hydrochloric 
acid,  and  the  resulting  chlorine  conveyed  into  a  U-tube  con- 
taining solution  of  iodide  of  potassium.  The  amount  of  iodine 
thus  freed  is  estimated  by  the  volumetric  solution  of  hypo- 
*  sulphite  of  .sodium.  126.0  of  iodine  indicate  35.4  of  chlorine. 
Manganese  may  also  be  estimated  by  the  reaction  and  apparatus 
described  under  "  Oxalates,"  page  607-  (See  Fig.  77). 
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ALUMINIUM. 

Aluminium  is  always  precipitated  as  hydrate  (Al^GHO)  and 
weighed  as  oxide  (Al^Os). 

Process. — Dissolve  about  2  grammes  of  pure  dry  ammonium 
alum  in  half  a  litre  of  water,  heat  the  solution,  add  chloride 
of  ammonium  and  a  slight  excess  of  ammonia,  boil  gently  till 
the  odor  of  ammonia  has  nearly  disappeared,  set  aside  for  the 
hydrate  to  deposit,  pass  the  supernatant  liquid  through  a  filter, 
wash  the  precipitate  three  or  four  times  by  decantation,  trans- 
fer to  the  filter,  finish  the  washing,  dry,  burn  the  filter,  ignite 
in  a  covered  crucible,  and  weigh. 

Al,3SO^K,SO„24H,0  948 

Al,3SO„(NH,),SO„24H,0  907 

A1.A  .    .   103 

Per  cent,  of  Al,jO:,  yielded  by  ammonium  alum   .    .  11,356 


QUESTIONS  AND  EXERCISES. 

1027.  (live  details  of  the  manipulations  observed  in  gi-avimetric- 
ally  estimating  salts  of  potassium  or  ammonium. 

1028.  What  quantity  or  chloride  of  sodium  is  contained  in  a  sam- 
ple of  rock-salt  0.351  gramme  of  which  yields  0.42(1  of  sulphate  of 
sodium  ?  Ann.  90.8.'?  per  cent. 

1020.  To  what  amount  of  the  official  alum  is  0.894  of  a  gramme 
of  the  double  chloride  of  platinuin  and  potassium  c(|uivalcnt?  Ans, 
1.74M  grammes. 

10.30.  Find  the  weight  of  sulphate  of  liariuni  obtainable  from 
0..022  of  nitrate.  Ans.  0.406. 

1031.  Describe  the  usual  method  by  which  salts  of  calcium  are 
estimated. 

10:>2.  Hy  what  (juantitative  processes  may  the  official  salts  of 
magnesium  be  analyzed? 
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1033.  Calculate  the  proportion  of  pure  sulphate  of  zinc  in  a  sam- 
ple of  crystals  0.574  of  which  yield  0.161  of  oxide.  Ans.  99.46  per 
cent. 

1034.  Ascertain  the  Aveight  of  alumina  (Al^Oj)  which  should  be 
obtained  from  1.814  grammes  of  ammonium  alum. 


IRON. 

Iron  and  its  salt  are  gravimetrically  estimated  in  the  form 
of  ferric  oxide  (Fe^Oa). 

Compomds  containing  organic  acidulous  radicah  are  simply 
incinerated,  and  the  resulting  oxide  weighed.  Thus,  1  gramme 
of  the  official  citrate  of  iron  and  ammonium  (^Fcrri  et  Ammoniac 
Citras,  B.  P.),  incinerated,  with  exposure  to  air,  leaves  not 
less  than  .27  of  ferric  oxide.  A  small  quantity  of  the  salt  is 
weighed  in  a  tared  covered  porcelain  crucible,  flame  cautiou.sly 
applied  until  vapors  cease  to  be  evolved,  the  lid  then  removed, 
the  crucible  slightly  inclined  and  exposed  to  a  red  heat  until 
all  carbonaceous  matter  has  disappeared.  The  residual  ferric 
oxide  is  then  weighed.  The  tartrate  of  potassium  and  iron 
(Ferrum  Tartaratum,  B.  P.)  is  treated  in  the  same  manner, 
except  that  the  ash  must  be  washed  and  again  heated  before 
weighing,  in  order  to  remove  carbonate  of  potassium  produced 
during  incineration  :  5  grammes  should  yield  1.5  grammes  of 
ferric  oxide. 

From  other  compounds  of  iron,  soluble  in  water  or  acid,  the 
metal  is  precipitated  in  the  form  of  hydrate  (Fe^GHO)  by  solu- 
tion of  ammonia,  and  converted  into  oxide  (Fe^GOa)  by  ignition. 
Dissolve  a  piece  (about  0.2  grm.)  of  the  purest  iron  obtainable 
(piano  wire),  accurately  weighed,  in  water  acidulated  with 
hydrochloric  acid ;  add  a  few  drops  of  nitric  acid  and  gently 
boil ;  pour  in  excess  of  ammonia,  stir,  set  aside  till  the  ferric 
hydrate  has  deposited,  pass  the  supernatant  liquid  through  a 
filter,  treat  the  precipitate  three  or  four  times  with  boiling 
water ;  transfer  to  the  filter,  wash  till  the  filtrate  yields  no 
trace  of  chlorine  (for  chloride  of  ammonium  will  decompose 
ignited  ferric  oxide,  with  volatilization  of  ferric  chloride),  dry 
and  ignite  as  usual,  and  weigh.  Iron  in  the  official  solutions 
(^Liquor  Ferri  Perchloridi  Forfior,  Liquor  Fc.rri  Nitnitis,  and 
Liquor  Ferri  Tcrsulplmtis)  may  be  estimated  by  this  general 
process. 

The  proportion  of  metaUic  iron  in  a  mixture  of  iron  and  ox- 
ides of  iron  may  be  determined  by  digestion  in  a  strong  solu- 
tion of  iodine  in  iodide  of  potassium,  which  attacks  the  metal 
only.    The  reduced  iron  of  pharmacy  (^Ferrum  Redactum')  is 
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in  good  condition  so  long  as  it  contains,  as  shown  by  this 
method,  half  its  weight  of  free  metal. 

Aiiuther  Method. — Reduced  iron  is  converted  into  ferrous 
chloride  by  a  hot,  strong  solution  of  corrosive  sublimate,  while 
the  oxides  are  not  affected.  The  filtrate  may  be  treated  gravi- 
metrically  or  volumetrically  (Wilner). 

Proportional  Weights  of  Equivalent  Quantities  of  Iron,  and  its 

Salts. 


Metal  

.  Fe,  

111.8 

Ferric  o.xido  . 

.    Fe.,0,  .... 

.  159.8 

Ferric  hydrate  . 

.    Fe,6H0   .    .  . 

.  213.8 

Ferric  chloride  . 

.    Fe,Cl„  .... 

.  324.2 

Ferric  sulphate  . 

.    Fe.,3S04   •    •  • 

.  399.8 

Ferrous  sulphate 

.    2(FeSO„7H.,0) . 

.  555.8 

ARSENICUM. 

Arsenic  (As^O^)  is  usually  estimated  volumetrically  (vide  p. 
573).  With  certain  precautions  arsenicum  may  also  be  pre- 
cipitated and  weighed  as  sulphide  (As.^S3). 

Process  1. — The  pure,  white,  rnassive  f^rsenic  (about  0.2  grm.) 
is  dissolved  in  a  flask  in  a  small  quantity  of  water  containing 
bicarbonate  of  sodium  or  potassium,  the  liquid  being  heated. 
A  slight  excess  of  hydrochloric  acid  is  then  added,  and  sur- 
phuretted  hydrogen  gas  passed  through  the  solution  so  long  as 
a  precipitate  falls,  the  mouth  of  the  flask  being  stopped  by  a 
plug  of  cotton-wool  (to  prevent  undue  access  of  air  and  conse- 
quent decomposition  of  the  gas,  resulting  in  precipitation  of 
sulphur).  The  mixture  is  warmed  in  the  flask,  and  carbonic 
acid  gas  passed  through  it  until  the  odor  of  sulphuretted  hydro- 
gen has  nearly  disappeared  ;  the  precipitate  collected  on  a  tared 
filter,  washed  as  quickly  as  possible  with  hot  water  containing 
a  little  sulphuretted  hydrogen,  dried  in  a  water-oven,  and 
weighed.  197.8  parts  of  arsenic  should  yield  245.8  of  sul- 
phide of  arsenicum. 

Process  2. — The  arsenicum  must  be  present  in  the  arsenic 
condition.  If  the  operator  is  not  certain  that  this  is  the  case, 
the  solution  mu.st  be  warmed  with  a  little  hydrochloric  acid 
and  a  few  grains  of  chlorate  of  potassium  added  until  a  distinct 
odor  of  chlorous  vapor  is  evolved,  which  is  then  allowed  to 
escape  by  continued  application  of  heat.  To  the  solution 
thus  obtained  ammonia,  which  must  produce  no  turbidity,  is 
added  in  excess,  and  then  magnesia  mixture  (see  p.  608).  The 
solution  is  set  aside  for  twenty-four  or  forty-eight  hours.  The 
.'.11  » 
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precipitate  is  collected  on  a  filter  and  washed  with  as  little 
ammonia-water  (1  to  3)  as  possible  until  the  filtrate  ceases  to 
give  a  reaction  for  chlorides.  The  precipitate  is  then  dried  on 
the  filter,  the  precipitate  and  filter-paper  burned,  and  the  whole 
gently  ignited  in  a  crucible  and  weighed.  The  residue  is  rep- 
resented by  the  formula  (Mg^As;;07). 

ANTIMONY. 

The  metal  is  precipitated  in  the  form  of  sulphide  (Sb.S;,), 
with  the  precautions  observed  in  estimating  arsenicum,  a  small 
quantity  of  tartaric  acid,  as  well  as  hydrochloric,  being  added 
to  prevent  the  precipitation  of  an  oxysalt.  If  the  sulphuretted 
hydrogen  be  passed  through  a  hot  solution,  the  particles  of  pre- 
cipitate aggregate  better,  and  the  latter  may  be  more  quickly 
filtered  out  and  washed.  Tha  experiment  may  be  performed 
on  about  half  a  gramme  of  pure  tartar-emetic  :  the  salt  should 
yield  slightly  more  than  half  its  weight  (50.6  per  cent.)  of 
sulphide.  According  to  Fresenius,  the  sulphide  dried  at  100° 
C.  still  contains  2  per  cent,  of  water,  and  must  be  heated  in  a 
current  of  carbonic  acid  gas  until  it  turns  from  an  orange  to  a 
black  color  before  all  moisture  is  expelled.  In  the  United 
States  Pharmacopoeia  the  purity  of  tartar-emetic  (Aittimoniiim 
Tar/arafum)  and  the  strength  of  solution  of  chloride  of  anti- 
mony (^Liquor  Anthnortii  Cliloruli)  are  determined  by  the 
above  process.  Svlphurafed  Anthnovy  of  ofliicial  quality,  when 
dissolved  in  hydrochloric  acid  and  the  solution  boiled  and 
poured  into  a  considerable  volume  of  water,  should  yield  a 
precipitate  of  oxychloride,  which,  after  washing  and  drying, 
should  weigh  85  per  cent,  of  the  sulphurated  antimonj,. 

COPPER. 

Copper  is  precipitated  from  its  solutions  and  weighed  (1)  as 
metal  (Cu^)  or  (2)  as  oxide  (CuO). 

Procfsa  1. — Dissolve  about  half  a  gramme  of  dry  crystal- 
lized sulphate  of  copper  in  a  small  quantity  of  Avater  in  a  tared 
porcelain  crucible  or  beaker,  acidulate  with  hydrochloric  acid, 
introduce  a  fragment  or  two  of  pure  zinc,  cover  the  vessel  with 
a  watch-glass,  and  set  aside  till  evolution  of  hydrogen  has 
ceased  and  the  still  acid  liquid  is  colorless.  The  copper  is 
then  washed  with  hot  water  by  decantation  until  no  trace  of 
acid  remains,  the  precipitate  drained,  rinsed  with  strong  spirit 
of  wine,  dried  in  the  water-oven,  and  weighed. 

Process  2. — About  three-fourths  of  a  gramme  of  sulphate 
of  copper  is  accurately  weighed,  dissolved  in  half  a  litre  of 
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water,  the  liquid  boiled  ;  dilute  solution  of  potash  or  soda  is 
then  added  till  no  more  precipitate  falls,  ebullition  continued 
for  a  short  time,  and  tlie  beaker  set  aside ;  the  supernatant 
liquid  is  decanted,  the  precipitate  boiled  with  water,  twice  or 
thrice  collected  on  a  filter,  washed,  dried,  transferred  to  a  cru- 
cible, the  filter  incinerated,  and  its  ash  moistened  with  a  drop 
of  nitric  acid ;  the  whole  is  finally  heated  strongly,  cooled,  and 
weighed. 

Froc/:ss  3. — From  a  solution  acidulated  by  sulphuric  acid 
and  placed  in  a  platinum  crucible  copper  may  be  entirely  de- 
posited in  a  coherent  form  by  a  weak  current  of  electricity, 
the  crucible  being  connected  with  the  zinc  pole  of  the  battery, 
a  platinum  spatula  suspended  in  the  solution  forming  the  posi- 
tive pole.  The  crucible  may  afterward  be  freed  from  the  de- 
posited copper  by  nitric  acid. 

249.2  parts  of  sulphate  of  copper  yield  79.2  of  oxide  or 
G3'2  of  metal. 

Oilier  Proce-ises. —  Vide  Pharmaceutical  Journal  for  April  3, 
1880,  p.  801. 

BISMUTH. 

Dissolve  0.3  or  0.4  grm.  of  pure  oxycarbonate  of  bismuth 
(2Bi,0,CO„tL(3)  (Bismufhi  i^nbcarhomts,  U.  S.  P.)  in  a  small 
quantity  of  hydrochloric  acid,  dilute  with  water  slightly  acidu- 
lated by  hydrochloric  acid,  pass  excess  of  sulphuretted  hydro- 
gen through  the  liquid,  collect  the  precipitate  on  a  tared  filter, 
wash,  dry  at  100°  C,  and  weigh.  The  sulphide  must  not  be 
exposed  too  long  in  the  water-oven,  or  it  will  increase  in 
weight,  owing  to  absorption  of  oxygen  ;  hence  it  should  be 
tested  in  the  balance  every  half  hour  during  desiccation.  521 
of  oxycarbonate  should  yield  516  of  sulphide  (Bii^Sa).  The 
atomic  weight  of  bismuth  is  210. 

MERCURY. 

This  element  may  be  (1)  isolated  and  estimated  in  the  form 
of  metal,  or  precipitated  and  weighed  as  (2)  mercurous  chlo- 
ride, or  (3)  mercuric  sulphide. 

Process  1. — The  process  by  which  the  metal  itself  is  sepa- 
rated is  one  of  distillation  into  a  bulb  surrounded  by  water. 
About  half  a  metre  of  the  difficultly  fusible  German  glass 
known  as  combust ioii-tiiljiii(j  is  sealed  at  one  end  after  the 
manner  of  a  test-tube  (Fig.  78)  ;  a  mixture  of  bicarbonate  of 
sodium  and  dry  chalk  is  then  dropped  into  the  tube  to  the 
height  of  2  or  3  centimetres,  and,  next,  several  small  frag- 
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ments  of  quicklime  so  as  to  occupy  another  centimetre :  a 
mixture  of  about  a  gramme  of  pure  calomel  or  corrosive  sub- 
limate with  enough  powdered  quicklime  to  occupy  10  or  12 
centimetres  of  the  tube  is  added  ;  then  the  lime-rinsings  of  the 
mixing-mortar,  a  layer  of  a  few  centimetres  of  powdered  quick- 
lime, and  finally  a  plug  of  anhcstos  (a  fibrous  mineral  unaf- 

Figs.  78,  79,  80. 
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fected  by  heat).  The  whole  powder  should  occupy  two-thirds 
of  the  length  of  the  tube.  The  part  of  the  tube  just  above 
the  asbestos  is  now  softened  in  the  blowpipe-flame  and  drawn 
out  about  a  decimetre  to  the  diameter  of  a  narrow  quill ;  it 
is  again  drawn  out  to  the  same  extent  at  a  point  about  two 
or  three  centimetres  nearer  the  mouth,  and  any  excess  of  tub- 
ing cut  ofi".  The  bulb  thus  formed  may  be  enlarged  by  soften- 
ing and  blowing.  The  tube  is  next  softened  at  a  point  close 
to  but  anterior  to  the  asbestos,  and  bent  to  form  an  obtuse 
angle ;  the  tube  is  then  softened  close  to  the  bulb  and  slightly 
bent,  so  that  the  bulb  may  be  parallel  with  the  large  tube ;  then 
softened  on  the  other  side  of  the  bulb,  and  the  terminal  tube 
bent  to  an  obtuse  angle,  so  that,  the  tube  being  held  in  a  hori- 
zontal position,  the  bulb  may  be  sunk  in  water  and  the  terminal 
tube  point  upward  (Fig.  80).  The  long  tube  is  now  laid  in 
the  gas-furnace  found  in  most  laboratories  (Fig.  81),  a  basin 
so  placed  that  the  bulb  of  the  apparatus  may  be  cooled  by 
being  surrounded  by  water,  the  part  of  the  tube  occupied  by 
asbestos  heated  to  redness,  and  the  flame  slowly  lengthened 
until  the  whole  tube  is  red  hot.  Under  the  circumstances  just 
described  the  mercurial  compound  volatilizes,  is  decomposed  bj^ 
the  lime,  and  its  acidulous  radical  fixed,  the  mercury  carried  to 
and  condensed  in  the  bulb,  the  carbonic  acid  gas  evolved  from 
the  bicarbonate  of  sodium  and  chalk  washing  out  the  last  por- 
tions of  niercui'y  vapor  from  the  tube.  When  the  distillation 
is  considered  to  be  complete,  the  dish  of  water  is  removed,  the 
bulb  dried,  and  then  detached  by  help  of  a  file  at  a  point 
beyond  any  sublimate  of  mercury.  The  bulb  is  lastly  weighed, 
the  mercury  shaken  or  dissolved  out,  and  the  tube  again  dried 
and  weighed. 
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Process  2. — The  process  by  which  mercury  is  separated  in 
the  form  of  calomel  consists  in  adding  hydrochloric  and  phos- 
phorous acids  (^vide  p.  348)  to  an  aqueous  or  even  acid  solu- 


Fig.  81. 


Diatillutiuu  of  Mercury  I'ur  Quaiitilative  Purpuses. 

lion  of  a  weighed  quantity  of  the  mercurial  compound,  setting 
the  mixture  aside  for  twelve  hours,  collecting  the  precipitate 
on  a  tared  filter,  washing,  drying  at  100°  C,  and  weighing 
(Rose).  The  experiment  may  be  tried  on  half  a  gramme  to  a 
gramme  of  corrosive  sublimate. 

Process  3. — Two  or  three  decigrammes'  of  corrosive  subli- 
mate are  dis.solved  in  water,  the  solution  acidulated  with  hy- 
drochloric acid,  excess  of  sulphuretted  hydrogen  passed  through 
it,  the  precipitate  collected  on  a  tared  filter,  washed  with  cold 
water,  dried  at  100°  C,  and  weighed. 

jjjj^  Proportional  Weiijlits  of  Equivalent  Quandlies  of  Mercury  and 

its  Salts. 

Metal    .......    Hg  199.7 

Mercurous  chloride  .    .    .    HgCl   235.1 

Mercuric  chloride     .    .    .    HgCl,   270.5 

Mercuric  sulphide    .    .    .    HgS  231.7 


LEAD. 

Lead  is  generally  estimated  either  as  (1)  oxide,  (2)  sulphatCj 
(3)  chromate,  or  (4)  metal. 

Process  1. — Weigh  out  1  or  2  grammes  of  pure  acetate  of 
lead  in  a  covered  crucible  previously  tared,  and  heat  .slowly 
until  no  more  vapors  are  evolved,  llemove  the  lid,  stir  down 
the  carbonaceous  mass  with  a  clean  iron  wire,  and  keep  the 
crucible  in  the  flame  so  long  as  any  carbon  remains  unconsumed. 
Introduce  some  fragments  of  fused  nitrate  of  ammonium,  and 
again  ignite  until  no  metallic  lead  remains  and  all  excess  of 
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the  nitrate  has  been  decomposed.  Cool  and  weigh  the  result- 
ing oxide  (PbO). 

Process  ^. — Dissolve  0.4  or  0.5  of  a  gramme  of  acetate  of 
lead  in  a  small  quantity  of  water,  drop  in  diluted  sulphuric 
acid,  add  to  the  mixture  twice  its  bulk  of  methylated  spirit  of 
wine,  and  set  aside.  Decant  the  supernatant  liquid,  collect  the 
sulphate  on  a  filter,  wash  with  spirit,  dry,  transfer  to  a  porce- 
lain crucible,  removing  as  much  of  the  sulphate  as  possible 
from  the  paper,  incinerate  on  the  crucible-lid  (not  in  the  plati- 
num coil,  for  the  particles  of  reduced  lead  would  unite  with  the 
platinum  by  fusion),  ignite,  cool,  and  weigh. 

Process  3. — About  half  a  gramme  of  acetate  of  lead  is  dis- 
solved in  200  or  300  c.c.  of  water,  acetic  acid  added,  and  then 
solution  of  red  chromate  of  potassium.  Collect  the  precipitate 
on  a  tared  filter,  wash,  dry  at  100°  C,  and  weigh. 

Process  J/.. — In  certain  cases,  notably  in  that  of  commercial 
white  lead,  the  lead  may  be  estimated  in  the  metallic  state  by 
means  of  cyanide  of  potassium.  The  lead  paint  (about  20 
grammes)  is  weighed  and  carefully  incinerated.  The  residue, 
a  mixture  of  metallic  lead  and  oxide  of  lead,  is  then  mixed 
with  several  times  its  bulk  of  cyanide  of  potassium  and  the 
whole  heated  to  fusion.  With  careful  manipulation  the  lead 
collects  in  one  globule,  which,  after  cooling,  may  readily  be 
separated  from  the  mixed  cyanide  and  cyanate  and  weighed. 
White  lead,  commercially  pure,  should  contain  74  per  cent,  of 
lead. 

Molecular  Weight  of  Salts  of  Lead. 

.  ■  Metal    .    .    .    .  Pb   206.5 

Acetate  ....  Pb2C.,H30.,,2H.,0   .  378.5 

Oxide    ....  PbO   222.5 

Sulphate    .    .    .  PbSO,,   302.5 

Chromate  .    .    .  PbCrO,     ....  322.9 

SILVER. 

Compounds  of  silver  which  are  readily  decomposed  by  heat 
are  estimated  in  the  form  of  (1)  metal,  others  usually  as  (2) 
chloride  (AgCl),  but  sometimes  as  (3)  cyanide  (AgNC). 

Process  1. — Heat  about  a  gramme  of  oxide  of  silver  (Ag.jO) 
in  a  tared  crucible,  cool,  and  weigh.  231.4  of  oxide  jdeld  215.4 
of  metal.  "  29  grains  heated  to  redness  yield  27  grains  of 
metallic  silver." — Brit.  Pharm. 

Process  2. — Dissolve  0.4  or  0.5  gem.  of  pure  dry  crystals  of 
nitrate  of  silver  in  water,  acidulate  with  two  or  three  drops  of 
nitric  acid,  slowly  add  hydrochloric  acid,  stirring  rapidly,  until 
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no  more  precipitate  falls.  Pour  off  the  supernatant  liquid 
through  a  filter,  wash  the  chloride  of  silver  once  or  twice  with 
hot  water,  transfer  to  the  filter,  complete  the  washing,  and  dry. 
After  removing  as  much  as  possible  of  the  precipitate  from  the 
paper  to  the  crucible,  burn  the  filter,  letting  its  asli  fall  on  the 
inverted  lid  of  the  crucible,  moisten  with  a  drop  of  nitric  acid, 
warm,  add  a  drop  of  hydrochloric  acid,  evaporate  to  dryness, 
replace  the  lid  on  the  crucible,  unite  the  whole  until  the  edges 
of  the  mass  of  chloride  begin  to  fuse  ;  cool  and  weigh.  169.7 
of  nitrate  yield  148.1  of  chloride.  According  to  the  United 
States  Pharmacopoeia,  10  parts  of  nitrate  should  thus  yield 
8.4  of  chloride,  while  20  parts  of  "  moulded  nitrate  of  silver  " 
should  yield  16  of  chloride,  and  the  filtrate  from  the  chloride 
evaporated  to  dryness  should  leave  no  residuej  indicating  ab- 
sence of  nitrates  of  potassium  or  sodium  and  other  similar 
adulterants.  20  parts  of  "  diluted  nitrate  of  silver  "  should 
yield  8.4  of  chloride;  10  parts  of  "oxide  of  silver"  .should 
yield  12.36  of  chloride. 

Process  3. — Cyanide  of  silver  may  be  collected  on  a  tared 
filter  and  dried  at  100°  C.  169.7  of  nitrate  yield  133.7  of 
cyanide. 

Silver  and  its  salts  may  be  volumetrically  estimated  by  a 
standard  solution  of  chloride  of  sodium. 

Ciipellalion. — The  amount  of  silver  In  an  alloy  may  be  also  deter- 
mined by  a  dry  method.  Tlie  metal  is  folded  in  a  piece  of  thin  sheet 
lead,  placed  on  a  cupel  {cnpella,  little  cup,  made  of  compressed  bone- 
earth),  and  heated  in  a  furnace,  the  cupel  being  protected  from  the 
direct  action  of  flame  by  a  mutf-shaped  or,  rather,  oveh-shaped,  case 
termed  a  muffle.  The  metals  melt,  the  baser  become  oxidized,  the 
oxide  of  lead  fusing  and  dissolving  the  other  oxides;  the  fluid  oxides 
are  absorbed  by  the  porous  cupel,  a  button  of  pure  silver  remaining. 
An  alloy  supposed  to  contain  9.5  per  cent,  of  silver  requires  about 
three  times  its  weight  of  lead  for  successful  cupellation ;  if  92i  per 
cent.  (English  silver  coin),  between  five  and  six  times  its  weight  of 
lead  is  necessary. 


QUESTIONS  AND  EXERCISES. 

103.5.  Explain  the  gravimetric  process  by  which  the  strength  of 
the  official  solutions  of  ferric  chloride,  nitrate,  and  sulphate  is  deter- 
mined. 

1036.  Mention  the  various  amounts  of  ferrous  and  ferric  salts 
Cf|uivalcnt  to  100  parts  of  metal. 

1037.  State  the  precautions  necessai'y  to  he-observed  in  estimating 
araenicum  or  antiiiu)tiy  in  the  form  of  sulphide. 

103.S.  In  what  form  are  the  oflicial  compounds  of  bismuth  weighed 
for  quantitative  purposes? 
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1039.  Give  an  outline  of  the  process  by  which  mercury  may  be 
isolated  from  its  official  preparations  and  weighed  in  the  metallic 
condition. 

1040.  Describe  three  methods  for  the  quantitative  analj'sis  of  salts 
of  lead,  and  the  weights  of  the  respective  precipitates,  supposing 
0.56  of  crystallized  acetate  to  have  been  operated  on  in  each  case. 

1041.  Describe  the  process  by  which  silver  is  estimated  in  the 
forms  of  metal,  chloride,  and  cyanide. 

1042.  What  proportions  of  nitrate  of  silver  are  indicated,  respec- 
tively, by  15  of  metal,  9.8  of  chloride,  and  8.1  of  cyanide? 

1043.  Describe  cupellation. 


GRAVIMETRIC  ESTIMATION  OF  THE  ACIDULOUS 
RADICALS  OF  SALTS. 

CHLORIDES. 

Free  clilorine  (chlorine-water)  and  compounds  which  by  ac- 
tion of  acids  yield  free  chlorine  (Chlorinated  Lime,  Chlori- 
nated Soda,  and  their  official  solutions)  are  estimated  volumet- 
rically  by  a  standard  solution  of  hyposulphite  of  sodium  (y/rfe 
p.  578).  The  amount  of  combined  chlorine  in  pure  chlorides 
(HCl,  NaCl)  may  also  be  determined  by  volumetric  analysis 
with  a  standard  solution  of  nitrate  of  silver  (p.  567). 

Combined  chlorine  is  gravimetrically  estimated  in  the  form 
of  chloride  of  silver,  the  operation  being  identical  with  that 
just  described  for  silver  salts  (p.  599).  58.4  parts  of  pufe, 
colorless,  crystallized  chloride  of  sodium  (rock-salt)  yield 
143.1  of  chloride  of  silver. 

IODIDES. 

Free  iodine  is  estimated  volumetrically  by  solutions  of  hypo- 
sulphite of  sodium  (^vide  p.  579). 

Combined  iodine  is  determined  gravimetrically  in  the  form 
of  iodide  of  silver,  the  operations  being  conducted  as  with  chlo- 
ride of  silver.  Iodide  of  potassium  may  be  used  for  an  experi- 
mental determination:  KI  =  165.1  should  yield  Agl  =  234.3. 
Of  iodide  of  cadmium  (Cadmii  ludidum,  B.  P.)  it  is  stated 
that  "10  grains  dissolved  in  water,  and  nitrate  of  silver  added 
in  excess,  give  a  precipitate  which,  fl'hen  washed  with  water 
and  afterward  with  half  an  ounce  of  solution  of  ammonia, 
and  dried,  weighs  12.5  grains." 

In  presence  of  chlorides  and  bromides  the  iodine  in  iodides 
may  be  precipitated  and  weighed  as  iodide  of  palladium. 

Moisture  in  iodine  is  estimated  by  loss  on  exposing  a  weighed 
quantity  of  iodine  in  a  capsule  over  a  dish  of  sulphuric  acid 
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under  a  small  bell-jar,  or  by  adding  to  a  weighed  sample  five 
or  six  times  as  much  mercury  or  twice  as  much  zinc,  and  a 
little  water,  drying  and  weighing.  The  product  is  the  amount 
of  metal  employed  plus  that  of  the  dry  iodine  in  the  sample. 

BROMIDES. 

Free  bromine  may  be  estimated  by  shaking  with  excess  of 
solution  of  iodide  of  potassium,  and  then  determining  the 
equivalent  quantity  of  liberated  iodine  by  a  standard  solution 
of  hyposulphite  of  sodium  (p.  579). 

The  bromine  in  bromides  may  be  precipitated  and  weighed 
as  bromide  of  silver,  the  manipulations  being  the  same  as  those 
for  chloride  of  silver :  0.2  to  0.3  of  pure  bromide  of  potassium 
may  be  used  for  an  experimental  analysis. 

Ammonii  Bromidum,  U.  S.  P.  :  "1  gm.  of  the  powdered  and 
dry  salt,  when  completely  precipitated  by  nitrate  of  silver, 
yields,  if  perfectly  pure,  1.917  gm.  of  dry  bromide  of  silver." 
Cal'-ii  Bromidum,  U.  S.  P. :  "1  gm  of  the  dry  salt,  when  com- 
pletely precipitated  by  nitrate  of  silver,  yields,  if  perfectly 
pure,  1.878  gm.  of  dry  bromide  of  silver." 

CYANIDES. 

The  hydrogen  cyanide  (hydrocyanic  acid)  is  usually  esti- 
mated volumetrically  {vide  p.  567). 

From  all  soluble  cyanides  cyanogen  may  be  precipitated  by 
nitrate  of  silver  after  acidulating  with  nitric  acid,  the  cyanide 
of  silver  collected  on  a  tared  filter,  dried  at  100°  C.,  and 
weighed. 

Of  the  official  Diluted  Hydrocyanic  Acid  it  is  stated  that 
100  grains  for  110  minims),  precipitated  by  solution  of  nitrate 
of  silver,  yield  10  grains  of  dry  cyanide  of  silver. 

Cyanide  of  Silver. 

Ill  1  molec.  \vt.       In  100  parts. 

Silver  .  .  .  Ag  .  .  107.7  .  .  80.55 
Cyanogen     .    CN     .    .  __26.00  .    .  19.45 

~1H3:7  TooM 

NITRATES. 

Nitrates  cannot  be  estimated  by  direct  gravimetric  analysis, 
none  of  the  basylous  radicals  yielding  a  definite  nitrate  insolu- 
.^1 
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ble  in  water.  With  some  difficulty  they  may  be  determined 
by  indirect  volumetric  methods. 

Process. — The  following  (Thorpe'.s)  method  depends  upon 
the  fact  (Gladstone  and  Tribe)  that  when  zinc  upon  which 
copper  is  deposited  in  a  spongy  form  is  boiled  with  water 
hydrogen  is  evolved.  Thorpe  found  that  in  a  solution  con- 
taining nitrates  the  nascent  hydrogen  converts  the  Avhole  of  the 
nitrogen  of  the  nitrates  into  ammonia,  which  may  be  collected 
and  estimated.  (The  oxygen  of  the  nitrate  is  simultaneously 
converted  into  water,  the  nitrate-metal  into  hydrate,  and  the 
zinc  into  hydrate  of  zinc.  The  power  of  the  copper-zinc  couple 
is  considered  to  depend  largely  on  the  hydrogen  absorbed  by 
the  finely-divided  metal.) 

An  apparatus  such  as  shown  in  Fig.  82  should  be  con- 
structed. A  flask  (about 
100  c.c.)  is  fitted  with  an 
India-rubber  cork,  per- 
forated for  a  delivery-tube, 
which  should  be  of  strong- 
glass  tubing  of  about  quar- 
ter-inch bore,  and  for  a 
stoppered  funnel,  which 
should  have  about  half  the 
capacity  of  the  flask.  The 
whole  is  supported  by  a 
clamj)  or  on  wire-gauze. 
The  outer  jar  shown  in  the 
figure  should  have  a  capa- 
city of  2  or  3  litres,  and  the 
inner  receiving-jar  should 
be  capable  of  holding  200 
c.c.  The  latter  is  fitted 
with  an  India-rubber  cork,  perforated  for  the  delivery-tube, 
and  for  another  tube  containing  fragments  of  glass. 

A  few  strips  of  clean  zinc  are  boiled  in  a  beaker  with  a  2-per 
cent,  solution  of  sulphate  of  copper,  the  opei-ation  being  re- 
peated with  a  fresh  portion  of  solution  six  consecutive  times. 
A  thick  coating  of  finely-divided  copper  is  deposited.  The 
pieces  of  metal  are  well  washed  and  introduced  into  the  flask, 
which  is  then  half  filled  with  pure  water.  To  avoid  transfer- 
ence, the  flask  itself  may  be  used  instead  of  the  beaker.  The 
funnel  also  is  filled  with  pui'e  water.  Into  the  inner  receiver 
is  put  a  little  pure  water  very  slightly  acidulated  with  hydro- 
chloric acid,  and  the  glass  fragments  are  also  moistened  with 
the  dilute  acid  (to  prevent  possible  loss  of  ammonia).  Water 
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is  now  placed  around  the  inner  receiver  in  the  outer  jar,  and, 
the  connections  being  sound,  heat  is  applied  with  the  view  of 
freeing  the  apparatus  itself  from  any  trace  of  ammonia.  When 
the  contents  of  the  flask  are  evaporated  nearly  to  dryness,  pure 
water  is  admitted  from  the  funnel  until  the  flask  is  again  about 
half  full  (the  funnel  should  be  filled  again  at  once),  and  the 
distillation  carried  on  as  before.  This  must  be  repeated  until 
no  further  trace  of  ammonia  is  evolved,  when  the  apparatus  is 
ready  for  use.  On  each  occasion  that  the  apparatus  is  used  it 
must  be  freed  from  ammonia  in  this  way.  A  suitable  quantity 
of  the  substance  to  be  estimated  is  now  introduced  (in  the  case 
of  potable  waters  the  prepared  solid  residue  from  KlU  c.c,  with 
an  added  fragment  of  recently  ignited  lime,  the  size  of  a  hemp- 
seed,  to  promote  the  evolution  of  the  ammonia),  and  water 
added,  if  necessary,  until  the  flask  is  half  full.  Heat  is  now 
applied,  and  the  operation  conducted  in  the  manner  already 
described  until  ammonia  ceases  to  come  over — a  point  which 
always  occurs  in  the  case  of  water-residues  when  the  flask  has 
been  refilled  twice  and  the  distillate  is  about  100  c.c.  The 
warm  water  from  the  upper  part  of  the  cooling-jar  may  be  re- 
moved by  a  siphon  or  otherwise,  cold  water  being  introduced 
from  time  to  time. 

The  ammonia  being  all  evolved,  disconnect  the  flask  and  re- 
ceiver simultaneously  (unless  washing-bottle  tubes  are  fitted), 
and  treat  the  contents  of  the  latter  by  the  Nessler  method, 

described  on  page  558.  Urea  yields  but  traces  of  ammonia 

by  this  process,  and  neither  the  sulphates  nor  chlorides  of  the 

alkali-metals  affect  the  result.  The  method  is  only  applicable 

to  highly  dilute  solutions  of  nitrates,  for  with  stronger  solu- 
tions oxides  of  nitrogen  are  formed  and  escape. 

Aiiotlwr  j)Toces>i  (Pelouze's  improved  by  Fresenius)  consists 
in  adding  the  nitrate  to  an  acid  solution  of  a  ferrous  salt  of 
known  strength,  and,  when  reaction  is  complete,  estimating  the 
amount  of  ferrous  salt  unattacked  by  volumetric  solution  of  red 
chromate  or  of  permanganate.  Three  molecular  weights  of  con- 
verted ferrous  salt  indicate  one  molecular  weight  of  nitric  acid. 
Regeneration  of  nitric  or  nitrous  acids  by  aerial  oxidation  of 
the  nitric  oxide  evolved  is  prevented  either  by  a  current  of 
carbonic  acid  gas  or  by  using  a  closed  flask  in  which  is  a  Bun- 
sen  valve  (?.  e.  a  short  attached  piece  of  India-rubber  tubing 
closed  at  the  free  extremity  and  having  a  sharp  longitudinal 
slit  in  it  a  third  of  an  inch  long — a  slit  by  which  gases  can 
escape,  but  cannot  re-enter). 

Potasdi  Nitras,  U.  S.  P. :  "  If  1  gm.  of  the  dried  salt  be 
moistened  with  1  gm.  of  concentrated  sulphuric  acid,  and  the 
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mixture  be  kept  at  a  red  heat  until  it  ceases  to  lose  weight,  the 
residue  should  weigh  0.8G  gm." 

SULPHIDES. 

Process  1. — Soluble  sulphides  (H.^S,  NallS,  e.g.)  may  be 
determined  volumetrically  by  adding  to  the  aqueous  liquid  a 
measured  excess  of  an  alkaline  solution  of  arsenic  of  known 
strength,  neutralizing  by  hydrochloric  acid,  diluting  to  any 
given  volume,  filtering  oif  the  sulj^hide  of  arsenicura  precipi- 
tated, taking  a  portion  of  the  filtrate  equal  to  half  or  a  third 
of  the  original  volume,  and,  after  neutralizing  by  acid  carbo- 
nate of  sodium,  estimating  the  residual  arsenic  by  the  standard 
iodine  solution  (^vide  p.  572).  The  process  may  be  tried  on  a 
measured  volume  of  sulphuretted  hydrogen  (the  weight  of 
which  is  easily  calculated :  1  litre  of  hydrogen  =  0.0896 
gramme)  absorbed  by  a  strong  solution  of  soda  or  potash. 

Process  2. — Sulphur  and  sulphides  may  also  be  quantita- 
tively analyzed  by  oxidizing  to  sulphuric  acid  and  precijjitating 
in  the  form  of  sulphate  of  barium.  A  couple  of  decigrammes 
of  a  pure  metallic  sulphide  may  be  decomposed  by  careful 
deflagration  with  a  mixture  of  chlorate  of  potassium  and  car- 
bonate of  sodium,  the  product  dissolved  in  water,  acidulated 
with  hydrochloric  acid,  solution  of  chloride  of  barium  added, 
and  the  precipitated  sulphate  of  barium  purified  and  collected 
as  described  in  connection  with  the  estimation  of  barium 
(p.  587).  Many  sulphides  may  be  oxidized  in  a  flask  by 
chlorate  of  potassium  and  hydrochloric  acid,  and  then  precip- 
itated by  chloride  of  barium.  Experimental  determinations 
may  also  be  made  on  a  weighed  fragment  of  sulphur,  about  0.1 
grm.,  cautiously  fused  with  a  solid  caustic  alkali,  and  the  product 
oxidized  while  hot  by  the  slow  addition  of  powdered  nitrate  or 
chlorate  of  potassium,  or,  when  cold,  by  treatment  with  chlorate 
of  potassium  and  hydrochloric  acid,  and  subsequent  precipita- 
tion by  chloride  of  barium. 

Note. — Fusions  performed  by  help  of  a  gas-lamp  must  be  carefully 
conducted,  for  iinj  alkali  that  may  creep  over  the  side  of  a  crucible 
will  certainly  absorb  .sulphurous  acid  from  the  products  of  coml)us- 
tion  of  the  gas,  and  error  result. 

Process  3. — Soluble  sulphides  may  also  be  treated  with  ex- 
cess of  an  alkaline  arsenite,  arsenous  sulphide  be  then  precip- 
itated by  the  addition  of  liydrochloric  acid,  and  the  precip- 
itate collected  and  weighed  with  the  usual  precautions  (v'de 
p.  593). 
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Wtujhts  of  Equivalvnt  Quantities  of  Svlphur  and  its 
Conijwiinds. 

Sulphur  S   32 

Sulpliurctted  hydrogen     .    ILS   34 

Sulphate  of  barium  .    .    .    BaSO+   232.8 

Arsenious  sulphide  .  .  .  (As.,S3)  3  .  .  .  82 
Bisulphide  of  iron   .    .    .    (FeS.,)     2  .    .    .    .  60 

Sulphide  of  lead  ....    PbS   238.5 


SULPHITES. 

Sulphites  are  usually  estimated  volumetrically  by  a  standard 
solution  of  iodine  (y/rfe  p.  572).  Sulphites  insoluble  in  water 
are  diifuscd  in  that  menstruum,  hydrochloric  acid  added,  and 
the  iodine  solution  then  dropped  in. 

If  necessary,  sulphites  may  be  estimated  gravimetrically  by 
oxidation  and  precipitation  in  the  form  of  sulphate  of  barium. 

SULPHATES. 

These  salts  are  always  precipitated  and  weighed  as  sulphate 
of  barium,  the  manipulations  being  identical  with  those  per- 
formed in  the  determination  of  barium  by  means  of  sulphates 
(i-iV/e  p.  587).  The  purity  of  Sulphate  of  Sodium  (Sodii  tSiil- 
pha^^  U.  S.  P.),  and  the  presence  of  not  more  than  a  given 
amount  of  sulphuric  acid  in  vinegar  (^Acetiim,  B.  P.),  are 
directed,  in  the  British  Pharmacopoeia,  to  be  ascertained  by 
this  process.  Ten  grains  of  sulphate  of  sodium  yield  7.23  of 
sulphate  of  barium.  Five  ounces  of  vinegar  should  yield  not 
more  than  about  one-third  of  a  gramme  of  sulphate  of  barium. 

The  amount  of  free  sulphuric  acid  or  hydrochloric  acid  in 
vinegar,  lemon-juice,  lime-juice,  etc.  may  aLso  be  ascertained 
volumetrically  by  adding  a  known  quantity  of  standard  solu- 
tion of  soda,  evaporating  to  dryness,  incinerating,  dissolving 
in  water,  and,  by  standard  acid,  estimating  the  quantity  of  soda 
still  remaining  free.  The  soda  lost  indicates  the  amount  of 
free  mineral  acid  (Hehner).  Thresh  estimates  the  chlorine  in 
a  sample  of  vinegar,  adds  a  known  additional  amount  of  chlo- 
rine, preferably  in  the  form  of  chloride  of  barium,  evaporates, 
ignites ;  treats  with  water,  adds  bicarbonate  of  sodium  to  re- 
move excess  of  barium,  filters,  and  again  estimates  the  chlorine. 
A  loss  of  70.8  of  chlorine  (Cl.^)  indicates  08  of  free  sulphuric 
acid  (H.-SO.,).  The  method  of  estimating  free  sulphuric^,  nitric, 
or  hydrochloric  acid  proposed  by  Spence  and  Msilman  is 
founded  on  their  power  of  decolorizing  a  standard  solution  of 
ferric  acetate. 
61  * 
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Proportional  Wcir/h/a  of  Equivalent  Quantities  of  Sulphates. 

The  sulphuric  radical  .    .    .    SO,  96 

Sulphuric  acid  H.,SO,  98 

Sulphate  of  barium    .    .    .    BaSO,   232.8 


CARBONATES. 

Carbonates  are  usually  estimated  by  the  loss  in  weight  they 
undergo  on  the  addition  of  a  strong  acid. 

Process  1. — A  small  light  flask  is  selected — of  such  a  size 
that  it  can  be  conveniently  weighed  in  a  delicate  balance.  Tato 
narrow  glass  tubes  are  fitted  to  the  flask 
by  a  cork  ;  the  one  straight,  extending 
from  about  two  or  three  centimetres  above 
the  cork  to  the  bottom  of  the  flask;  the 
other  cut  off'  close  to  the  cork  on  the  in- 
side and  curved  outward,  so  as  to  carry 
a  thin  drying-tube  horizontally  above  the 
flask.  (See  Fig.  83.)  The  drying-tube 
is  nearly  fllled  with  small  pieces  of  chlo- 
ride of  calcium,  a  plug  of  cotton-wool 
preventing  escape  of  any  fragments  at 
EBtimation  'of  Cartonates.  either  end,  and  is  attached  by  a  pierced 
cord  to  the  free  extremity  of  the  curved 
tube  of  the  flask.  A  weighed  quantity  of  any  pure  soluble 
carbonate  is  placed  in  the  flask,  a  little  water  added,  a  minia- 
ture test-tube  containing  sulphuric  acid  lowered  into  the  flask 
by  a  thread  and  supported  so  that  the  acid  may  not  flow  out. 
the  cork  inserted,  the  outer  end  of  the  piece  of  the  straight 
glass  tube  closed  by  a  fragment  of  cork  or  wax,  and  the  whole 
weighed.  The  apparatus  is  then  inclined  so  that  the  oil  of 
vitriol  and  carbonate  may  slowly  react ;  carbonic  acid  gas  is 
evolved  and  escapes  through  the  horizontal  tube,  any  moisture 
being  retained  by  the  chloride  of  calcium.  When  eflTerves- 
cence  has  ceased,  the  gas  still  remaining  in  the  vessel  is  sucked 
out ;  this  is  accomplished  by  adapting  a  piece  of  India-rubber 
tubing  to  the  end  of  the  drying-tube,  removing  the  small  plug 
from  the  straight  tube,  and  aspirating  slowly  with  the  mouth 
for  a  few  minutes.  If  the  heat  produced  by  the  action  of  oil 
of  vitriol  and  solution  is  considered  insufficient  to  expel  all  the 
carbonic  acid  from  the  liquid,  the  plug  is  again  inserted  in  the 
tube  and  the  contents  of  the  flask  gently  boiled  for  some  seconds. 
When  the  apparatus  is  nearly  cold  more  air  is  again  drawn 
through  it,  and  the  whole  finally  weighed.  The  loss  is  due  to 
carbonic  acid  gas  (CO2),  from  the  weight  of  which  that  of  any 
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carbonate  is  ascertained  by  calculation.  Carbonates  insoluble 
in  water  may  be  attacked  by  hydrochloric  instead  of  sulphuric 
acid  ;  granulated  nii.vtures  of  carbonates  and  powdered  tartaric 
or  citric  acid  by  enclosing  the  preparation  in  the  inner  tube 
and  placing  water  in  the  flask,  or  vice  versa.  The  apparatus 
also  may  be  modified  in  many  ways  to  suit  the  requirements, 
convenience,  or  practice  of  the  operator. 

Process  2. — Carbonates  from  which  carbonic  acid  gas  is 
evolved  by  heat  may  be  estimated  by  the  loss  they  experience 
on  ignition. 

Process  3. — Free  carbonic  acid  gas  may  be  absorbed  by  a 
solid  stick  of  potash  or  a  strong  alkaline  solution,  the  loss  in 
volume  of  the  gas  or  mixture  of  gases  indicating  the  amount 
originally  present. 

Weiijhts  of  Uquivcdent  Quantities  of  Carbonic  Acid  Gns  and 


certain  Carbonates. 

Carbonic  acid  gas  CO2   44 

Carbonic  acid   H.,CO.i    ....  62 

Anhydrous  carbonate  of  sodium     .  Na^COs  ....  106 

Crystalline  carbonate  of  sodium     .  Na,CO3,10H,O.    .  286 

Anhydrous  carbonate  of  potassium  .  KX'Oa    ....  138 

Crystalline  carbonate  of  potassium.  K.,C03i-16%aq.l64.  285 

Carbonate  of  calcium   CaCO^    .    .    .    .  100 


OXALATES. 

Process  1. — The  oxalic  radical  is  usually  precipitated  in  the 
form  of  oxalate  of  calcium  and  weighed  as  carbonate,  the 
manipulations  being  identical  with  those  observed  in  the  esti- 
mation of  calcium  (vide  p.  588).  The  experiment  may  be 
performed  on  0.3  or  0.4  grm.  of  pure  crystallized  oxalic  acid, 
12G  parts  of  which  should  yield  100  of  carbonate  of  calcium. 

Process  2. — Oxalates  may  also  be  determined  by  conversion 
of  their  acidulous  radical  into  carbonic  acid  gas,  and  observa- 
tion of  the  weight  of  the  latter.  The  oxalate,  water,  and 
excess  of  black  oxide  of  manganese  are  placed  in  the  carbonic 
acid  apparatus  fpagc  606),  a  tube  containing  oil  of  vitriol  low- 
ered into  the  flask,  the  whole  weighed,  and  the  operation  com- 
pleted as  for  carbonate.  From  the  following  equation  it  will 
be  seen  that  every  88  parts  of  carbonic  acid  gas  evolved  indi- 
cate the  presence  of  126  parts  of  crystallized  oxalic  acid  or  an 
equivalent  quantity  of  other  oxalate  : — 

Na.,C.,0,  +  MnO,  +  2Tr.,S0,  =  MnSO,  +  Na.SO^  +  2II.,0 

-h  2C0,, 
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The  black  oxide  of  manganese  used  in  this  experiment  must 
be  free  from  carbonates.  The  amount  of  materials  employed 
is  regulated  by  the  size  of  the  vessels. 

PHOSPHATES. 

Procp.iix  1. —  From  phosphalan  dissolved  in  vmter  the  phos- 
phoric radical  may  be  precipitated  and  weighed  in  the  form  of 
pyrophosphate  of  magnesium,  the  details  of  manipulation  being 
similar  to  those  observed  in  estimating  magnesium  (^cide  p. 
589).  Half  a  gramme  or  rather  more  of  pure  dry  crystallized 
phosphate  of  sodium  may  be  employed  in  experimental  deter- 
minations. The  official  phosphate  of  ammonium  (^Ammonn 
Fhosphis,  U.  S.  P.)  is  quantitatively  analyzed  by  this  method. 
"  2  gm.  of  the  salt,  dissolved  in  water  and  precipitated  with 
test-mixture  of  magnesium,  yields  a  crystalline  precipitate, 
which,  when  washed  with  diluted  water  of  ammonia,  dried, 
and  ignited,  should  weigh  1.68  gm."  Half  a  gramme  or  less 
is  a  more  convenient  quantity  if  the  operations  be  conducted 
with  care.  Solution  of  ammonia-sulphate  of  magnesium  (U.  S. 
P.)  is  prepared  by  dissolving  1  part  of  sulphate  of  magne- 
sium, 2  of  chloride  of  ammonium,  and  4  of  solution  of  ammo- 
nia (10-per  cent.  NH3)  in  8  of  distilled  water;  such  a  solution 
is  of  considerable  use  if  several  phosphoric  determinations  are 
about  to  be  made. 

Process.  2. — Free  phn^-phorir  acid  is  most  readily  determined 
as  phosphate  of  lead  (Pb:j2P04).  Of  the  official  solution  of 
phosphoric  acid  it  is  stated  that  "  on  pouring  5  gm.  of  phos- 
phoric acid  upon  10  gm.  of  oxide  of  lead  free  from  carbonate 
of  lead  and  from  moisture,  evaporating  and  igniting,  a  residue 
will  be  obtained  which  should  weigh  11.81  gm."  In  the  case 
of  the  diluted  acid,  5  gm.  with  5  of  lead  oxide  should  yield 
5.36.  The  oxide  of  lead  must  be  quite  pui-e  :  it  should  be 
prepared  by  digesting  red  lead  in  warm  dilute  niti'ic  acid, 
washing,  drying,  and  heating  a  resulting  puce-colored  plumbic 
oxide  in  a  covered  porcelain  crucible.  The  increase  in  weight 
obtained  on  evaporating  a  given  amount  of  solution  of  phos- 
phoric acid  with  a  known  weight  of  perfectly  pure  oxide  of 
lead  (PbO)  may  be  regarded  as  entirely  due  to  phosphoric  an- 
hydride (P,0,), 

3PbO  +  P.,05  =  Pb32PO„ 
the  actual  reaction  being 

SPbO  -f  2H.,P0,  =  Pb:,2P04  +  3H.,0. 
From  these  equations  and  the  table  of  atomic  weights  (^vide 


ESTnr.vTrox  of  phosphates. 


Appendix)  the  percentage  of  phosphoric  acid  (H3PO4)  in  any 
specimen  of  its  solution  may  be  easily  calculated. 

Proce.is  S. —  The  streii</th  of  jmre  solution  of  phos2'>Jior{c 
iirld  may  be  ascertained  by  specific  gi-avity  and  reference  to 
Tables. 

Frocens  4- — Bone-earth,  "  superphosphate,"  the  Calch  Phos- 
phax  of  pharmacy,  and  other  forms  of  phosphate  of  calcium 
known  to  be  tolerably  free  from  iron  or  aluminium,  may  be 
estimated  by  treating  about  half  a  gramme  with  hydrochloric 
acid  somewhat  diluted,  filtering  if  necessary,  warming,  precip- 
itating with  excess  of  ammonia,  collecting  the  precipitate 
(Ca32P04),  washing,  drying,  igniting,  and  weighing.  "  Calcis 
F/iosphas,"  if  pure,  will  in  this  process  lose  no  weight. 

Process  5. — Insoluble  phosphates  in  ashes,  manures,  etc.  are 
treated  as  follows:  A  weighed  quantity  of  the  material  (1.0 
to  10.0  grm.)  is  digested  in  hydrochloric  acid  diluted  with  three 
or  four  times  its  bulk  of  water ;  filtered  (insoluble  matter  and 
filter  being  thoroughly  exhausted  by  water)  ;  ammonia  added 
to  the  filtrate  and  washings  until,  after  stirring,  a  faint  cloudy 
precipitate  is  perceptible  ;  solution  of  oxalic  acid  dropped  in 
until,  after  agitation  for  a  few  minutes,  the  opalescence  is  de- 
stroyed ;  oxalate  of  ammonia  next  added,  the  whole  warmed, 
oxalate  of  calcium  removed  by  filtration,  and  the  filtrate  con- 
centrated if  very  dilute  ;  the  liquid  treated  with  citric  acid  in 
such  quantity  that  ammonia  when  added  in  excess  gives  a  clear 
l<  mon-//ellmo  solution  (Warington),  magnesian  mixture  poured 
in  (as  in  Process  1),  and  the  precipitate  of  ammonio-magnesian 
phosphate  collected,  Avashed,  dried,  and  weighed,  as  already  de- 
scribed in  connection  with  the  estimation  of  magnesium. 

Relative  Weights  of  Equivalent  Quantities  of  Phosphoric 
Compointds. 

Phosphoric  acid  H,PO,,   98 

Pyrophosphate  of  magnesium  .  (Mg.^P.O,  =  222)-f-2=  111 

Phosphate  of  lead     .    .    .    .  (Pb,2P04=- 811)  ^2=  405.25 

Piiosphoric  anhydride    .    .    .  (P.A  =  142)      -^-2=  Tl 

Phosphate  of  calcium    .    .    .  (Ca,,2P0,=  310)  ^2=  155 

Superphosphate  of  calcium     .  (CaH.,2PO,,=234^2=  117 

QUESTIONS  AND  EXERCISES. 

J()44.  What  quantity  of  pure  rock-salt  is  cfjuivalcnt  to  4.2  parts 
of  chloride  of  .silv(!r?  An.s:  1.714. 

1045.  State  the  percentage  of  real  iodide  of  potassium  contained 
in  a  .sample  of  whicli  8  parts  yield  10.9  of  iodide  of  silver.  Aus.  96.3. 

1040.  What  is  the  strongtii  of  a  solution  of  hydrocyanic  acid  10 
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parts  of  which,  by  weight,  yield  .9  of  cyanide  of  silver.  Aiis.  1.87 
per  cent. 

J047.  How  are  nitrates  quantitatively  estimated? 
1848.  By  what  processes  may  the  strength  of  sulphides  be  deter- 
mined ? 

1049.  How  much  real  sulphate  of  sodium  is  contained  in  a  speci- 
men 10  parts  of  which  yield  14.2  of  sulphate  of  barium.  Ans.  80.51 
per  cent. 

1050.  Give  details  of  the  operations  performed  in  the  quantitative 
analysis  of  carbonates. 

1051.  What  amount  of  carbonic  acid  gas  should  be  obtained  from 
10  parts  of  acid  carbonate  (or  bicarbonate)  of  potassium?  Ans.  4.4 
parts. 

1052.  To  what  opei-ation  and  what  proportion  of  materials  does 
the  following  equation  refer? — 

Na.fi fi^  +  MnO,  f  2n2S04  =  MnSO,  +  Na.SO,  +  2H,0  +  2C0,. 

1053.  E.Kplain  the  lead  process  for  the  estimation  of  phosphoric 
acid  in  the  official  solution. 

1054.  State  the  amount  of  superphosphate  of  calcium  equivalent 
to  7.6  parts  of  pyrophosphate  of  magnesium.  Ans.  8.01. 


SILICATES. 

Silica  (SiO:;)  may  be  separated  from  alkaline  silicates,  or 
from  silicates  decomposable  by  hydrochloric  acid,  by  digesting 
the  substance  in  hydrochloric  acid  at  a  temperature  of  70°  or 
80°  C.  until  completely  disintegrated,  evaporating  to  dryness, 
heating  in  an  air-bath,  again  moistening  with  acid,  diluting 
with  hot  water,  filtering,  washing,  drying,  igniting,  and  weigh- 
ing. 

ESTIMATION  OF  WATER. 

Water  and  other  matters  readily  volatilized  are  most  usually 
estimated  by  the  loss  in  weight  which  a  substance  undergoes 
on  being  heated  to  a  proper  temperature.  Thus,  in  the  Britisli 
Pharmacopoeia  crystalline  gallic  acid  (H:|C,H305,H.,0)  is  stated 
to  lose  9.5  per  cent,  of  its  weight  at  a  temperature  of  100°  C, 
oxalate  of  cerium  (CeC.^04,3H._,0)  52  per  cent,  on  incineration, 
carbonate  of  potassium  about  16  per  cent,  on  exposure  to  a  red 
heat,  sulphate  of  quinine  (2C.,oH.,,N,0.,,H-.S04,7H.,0)  14.4  per 
cent,  at  100°  C,  arseniate  of  sodium  (Na,HAs04,7H,0)  40.38 
per  cent,  at  149°  C,  carbonate  of  sodium  (Na,CO:„10H.,O)  60.3 
per  cent.,  phosphate  of  sodium  (NaJIPO,,  121120)  63  per  cent., 
and  sulphate  of  sodium  (Na^SO4,10H.,O)  55.9  per  cent,  at  a 
low  red  heat ;  oxide  of  bismuth  heated  to  incipient  redness 
should  not  diminish  in  weight. 
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Procrss. — One  or  two  grammes  of  substance  is  sufficient  in 
experiments  on  desiccation,  the  material  being  placed  in  a 
watch-glass,  covered  or  uncovered  porcelain  crucible,  or  other 
vessel,  according  to  the  temperature  to  which  it  is  to  be  ex- 
posed. Rapid  desiccation  at  an  exact  temperature  may  be 
effected  by  introducing  the  substance  into  a  tube  having  some- 
what the  shape  of  the  letter  U,  sinking  the  lower  part  of  the 
tube  into  a  licjuid  kept  at  a  definite  temperature  by  aid  of  a 
thermometer,  and  drawing  or  forcing  a  current  of  dry  air 
slowly  through  the  apparatus.  Substances  liable  to  oxidation 
may  be  desiccated  in  a  current  of  dried  carbonic  acid  gas.  The 
weights  of  the  U-tube  before  and  after  the  introduction  of  the 
salt,  and  after  desiccation,  give  the  amount  of  water  sought. 
In  all  cases  the  material  must  be  heated  until  it  ceases  to  lose 
weight.  Occasionally  it  is  desirable  to  estimate  water  directly 
by  conveying  its  vapor  in  a  current  of  air  through  a  weighed 
tube  containing  chloride  of  calcium  and  reweighing  the  tube  at 
the  close  of  the  operation  ;  the  increase  shows  the  amount  of 
water. 

Nbfe. — Highly  dried  sub.stances  rapidly  absorb  inoi.sture  from  the 
air;  they  must  therefore  be  weighed  quickly,  enclosed,  if  possible, 
in  tubes  (p.  583),  a  pair  of  clamped  watch-glasses,  or  a  crucible 
having  a  tightly  fitting  lid. 

CAEBON,  HYDROGEN,  OXYGEN,  NITROGEN. 

The  quantitative  analysis  of  animal  and  vegetable  substances  is 
either  proximate  or  ultimate.  Proximate  quantitative  analysis  in- 
cludes the  estimation  of  water,  oil,  albumen,  starch,  cellulose,  gum, 
resins,  alkaloids,  acids,  glucosidcs,  ash.  It  I'equires  the  application 
of  much  theoretical  knowledge  and  manipulative  skill,  and  cannot 
well  he  studied  except  under  the  guidance  of  ,a  tutor.  One  of  the 
best  of  the  pu))lished  works  on  the  subject  is  by  Rochleder,  a  trans^ 
lation  of  whose  monograph  will  l)e  found  in  the  FJiarmaceiitical 
Journal,  vol.  i.  2d  ser.  pp.  5(12,  610;  vol.  ii.  2d  ser.  -m.  24,  129,  IfiO, 
215,  274,  420,  478.  Another  is  a  small  book  by  Professor  A.  B. 
Prescott,  Outlines  of  Pruximaie  Orffanic  Analysis,  Van  Nostrand, 
Now  York. 

Ultimate  quantitative  nrffniu'c  analysis  can  only  be  successfully 
accoinplished  with  the  appliances  of  a  W(?ll-appoiiit(^(l  laboratory — a 
good  balance,  a  gas-furnace  giving  a  .sniok(*lc.ss  llame  (7  or  iS  centi- 
metres wide  and  70  or  80  ccntiinetn^s  long),  special  forms  of  glass 
apparatus,  etc.  The  theory  of  the  operation  is  simple:  A  weighed 
((uantitv  of  a  substance  is  burnt  to  carbonic  acid  gas  (CO.^  =  44)  and 
water  (H.^0  =  ]8),  and  these  products  collected  and  weighoil ;  12 
parts  in  every  44  of  carbonic  acid  gas  (~t'V)  arc  carl)on,  2  in  every 
Is  of  water  (  —  I)  are  hydrogen  ;  nitrogen  if  present  escapes  as  gas. 
If  nitrogen  be  a  constituent,  more  of  the  substance  is  strongly  heated 
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with  a  mixture  of  the  hydrates  of  sodium  and  calcium  ;  these  bodies 
then  split  up  into  oxides,  oxygen,  and  hj'drogen  ;  the  oxj'j^en  burns 
the  carbon  of  the  substance  to  carbonic  acid  gas,  its  hydrogen  and 
nitrogen  appearing  as  water  and  ammonia  respectively  ;  the  car- 
bonic acid  and  water  are  disregarded,  the  ammonia  collected  and 
weighed  in  the  form  of  a  double  chloride  of  platinuni  and  ammonium 
(PtCl,2NIl4Cl  =  442.8),  of  which  28  parts  in  every  442.8  {=^\)  are 
nitrogen.  The  difference  between  the  sum  of  the  weights  of  hydro- 
gen and  carbon,  and  the  weight  of  substance  taken,  is  the  proportion 
of  oxygen  in  the  body^  supposing  nitrogen  to  be  absent.  If  nitrogen 
is  present,  the  difference  between  the  sum  of  the  percentage  of  car- 
bon, hydrogen,  and  nitrogen,  and  100,  is  the  percentage  of  oxygen. 
Shortly,  carbon  is  estimated  in  the  form  of  carbonic  acid  gas,  hydro- 
gen as  water,  niti-ogen  as  ammonia,  and  oxygen  by  loss. 

The  following  is  the  outline  of  the  necessary  manipulation : — 
The  source  of  the  oxygen  for  the  combustion  of  carbon  and 
hydrogen  is  black  oxide  of  copper  in  coarse  powder.  200  or 
300  grammes  of  this  material  are  heated  in  a  crucible  to  low 
redness  for  a  short  time  to  expel  every  trace  of  moisture  ;  then 
transferred  to  store-tubes  (Fig.  84)  resembling  test-tubes,  half 

Fig.  84. 


a  metre  long,  and  having  a  slightly  narrowed  mouth,  the  tube 
being  held  in  a  cloth  to  protect  the  hand  while  the  hot  oxide 
is  being  directly  introduced  into  the  mouth  of  the  tube  by  a 
scooping  motion.  As  soon  as  the  well-corked  tube  is  cool,  the 
oxide  is  poured,  portion  by  portion,  into  a  similar  tube  (the 
combustion-tube),  but  somewhat  longer,  drawn  out  to  a  quill 
(bent  upward  nearly  to  a  right  angle)  at  one  end  and  not  con- 
stricted at  the  mouth.  Two  such  tubes  are  readily  made  by 
softening  in  the  blowpipe-flame  two  or  three  centimetres  of  the 
central  part  of  a  tube  about  a  metre  long,  and  drawing  the 
halves  of  the  tube  apart,  as  shown  in  the  following  engraving 
(Fig.  85).  The  tubes  are  separated  by  melting  the  glass  in  the 
middle  of  the  quilled  portion.  A  few  decigrammes  of  fused 
chloi-ate  of  potassium  should  first  be  dropped  into  the  tube. 
After  ten  or  fifteen  centimetres  of  oxide  have  been  poured  in, 
about  a  decigramme  of  the  substance  to  be  analyzed  is  dropped 
down  the  tube,  then  a  few  grammes  of  oxide,  then  another 
decigramme  of  substance,  then  more  oxide,  until  three  or  four 
decigrammes  of  the  body  under  examination  have  been  added. 
The  fifteen  or  twenty  centimetres  of  alternate  layers  are  next 
thoroughly  mixed  by  a  long  copper  wire  having  a  short  helix  ; 
more  oxide  is  introduced,  the  wire  cleansed  by  twisting  the 
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helix  about  in  the  pure  oxide,  and  a  plug  of  dry  asbestos 
finally  placed  on  the  top  of  the  oxide  at  about  five  centimetres 
from  the  mouth  of  the  tube ;  the  tube  is  then  securely  corked 
and  set  aside.    The  substance  operated  on  may  be  pure  white 

Fig.  85. 


sugar,  powdered  and  dried ;  the  tube  in  which  it  is  contained 
is  weighed  before  and  after  the  removal  of  a  portion  for  com- 
bustion ;  the  loss  is  the  quantity  employed  in  the  experiment. 
The  combustion-furnace  may  be  such  as  shown  on  page  597. 
If  the  furnace  is  very  powerful  or  the  combustion-tube  not  of 
the  hardest  glass,  the  tube  should  be  enclosed  in  wire-gauze  the 
elasticity  of  which  has  been  destroyed  by  heating  to  redness. 
If  the  substance  under  experiment  contains  nitrogen,  the  plug 
of  asbestos  must  be  displaced  by  one  of  copper  turnings,  which 
serves  to  reduce  any  oxides  of  nitrogen,  and  thus  ensure  the 
escape  of  nitrogen  itself.  The  water  produced  when  the  pre- 
pared tube  is  heated  is  collected  in  a  small  U-tube  containing 
pieces  of  chloride  of  calcium,  or  pumice-stone  moistened  with 
sulphuric  acid  (Fig.  86)  ;  the  carbonic  acid  gas  in  a  series  of 
bulbs  (Fig.  86)  containing  solution  of  potash  (sp.  gr.  about 
1.27).  These  bulbs  may  be  purchased  at  any  apparatus-shop. 
The  chloride-of-calcium  tube  is  fitted  by  a  good  cork  to  the 
combustion-tube,  the  potash-bulbs  by  a  short  piece  of  India- 
rubber  tubing  to  the  chloride-of-calcium  tube.  The  potash- 
bulbs  may  carry  a  short  light  tube  containing  a  rod  of  caustic 


Fig.  86. 


Chloride-of-Calclum  Tubes  and  Potnsli-biilbs 


potash  three  or  four  centimetres  long ;  this  serves  to  arrest  any 
nioisturc  that  might  be  carried  away  from  the  solution  of  pot- 
ash by  the  dried  expanded  air  which  escapes  during  the  opera- 
tion.   The  combustion-tube  having  been  placed  in  the  furnace, 
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and  the  drying-tube  and  potash-bulbs  weighed  and  detached, 
the  gas  is  lit  under  the  asbestos,  and,  when  the  tube  is  red  hot, 
the  flame  slowly  extended  until  nearly  the  whole  tube  is  at  the 
same  temperature,  the  operation  being  conducted  at  such  a 
rate  that  bubbles  of  gas  escape  through  the  potash-bulbs  at 
about  the  rate  of  one  per  second.  When  no  more  gas  passes, 
the  extremity  of  the  tube  containing  the  chlorate  of  potassium 
is  gently  heated  until  oxygen  ceases  to  be  evolved  ;  the  quilled 
extremity  of  the  combustion-tube  is  then  broken,  and  air,  dried 
and  freed  from  carbonic  acid,  drawn  slowly  through  the  appa- 
ratus by  suction  through  an  India-rubber  tube  fixed  on  the  free 
end  of  the  potash-bulbs  ;  perfect  combustion  of  carbon  and  re- 
moval of  all  carbonic  acid  gas  are  thus  ensured.  The  drj'ing- 
tube  and  bulbs  are  disconnected  and  weighed,  the  increase  in 
weight  due  to  carbonic  acid  gas  and  water  respectively  noted, 
and  the  percentages  of  cai'bon,  hydrogen,  and  (by  loss)  oxygen 
calculated.  This  method  is  that  of  Liebig,  with  modification 
by  Bunsen ;  good  combustion-furnaces  are  those  known  as 
Hofmann's  and  Grifiin's. 

Chromate  of  lead  can  he  used  for  comhustion  in  place  of  oxide 
of  co2'>per.  Its  advantages  are,  its  less  hygroscopic  nature,  and 
the  greater  readiness  with  which  it  yields  its  oxygen  to  organic 
bodies  when  heated  with  them.  It  must  not,  however,  be  used 
with  bodies  containing  nitrogen,  since  it  would  convert  so  large 
a  proportion  of  the  nitrogen  into  nitric  oxide  or  higher  oxide 
of  nitrogen  that  it  would  be  necessary  to  use  an  inconveniently 
long  layer  of  copper  turnings  to  reduce  these  oxides,  and  so 
prevent  their  absorption  in  the  series  of  bulbs  containing  the 
solution  of  potash.  Organic  bodies,  however,  containing  sul- 
phur, bromine,  iodine,  or  chlorine  are  burnt  with  advantage 
by  means  of  chromate  of  lead.  If  oxide  of  copper  were  used 
with  bodies  containing  sulphur,  it  would  be  necessary  to  place 
an  additional  tube  containing  peroxide  of  lead  between  the 
chloride-of-calcium  tube  and  the  potash-bulbs  in  order  to  absorb 
the  sulphurous  anhydride  formed  ;  this  is  entirely  obviated  by 
using  chromate  of  lead,  which  itself  retains  the  whole  of  the 
sulphur.  Again,  if  bodies  containing  chlorine,  iodine,  or  bro- 
mine are  burnt  by  means  of  oxide  of  copper,  then  volatile 
chloride,  iodide,  or  bromide  of  copper  is  formed,  and,  collecting 
in  the  chloride-of-calcium  tube,  vitiates  the  result  with  regard 
to  the  hydrogen  ;  by  using  chromate  of  lead,  however,  the 
chlorine,  iodine,  and  bromine  are  respectively  retained  in  the 
combustion-tube  as  chloride,  bromide,  and  iodide  of  lead. 

In  order  to  render  the  chromate  fit  for  use,  it  is  first  fused 
and  poured  out  on  a  clean  iron  plate  ;  when  cool  it  is  powdered, 
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and  heated  in  a  long  tube  throughout  its  whole  length,  while 
air,  dried  by  passing  tlirough  chloride  of  calcium  or  strong 
sulpluiric  iicid,  is  drawn  over  it;  when  the  color  of  the  chro- 
niate  changes  to  brown  the  heat  can  be  withdrawn  and  the 
extremity  of  the  tube  farthest  from  the  drying  apparatus  closed, 
so  that  the  air  in  passing  into  the  tube  on  cooling  may  be  fjuite 
dry  ;  when  cool  the  drying-tube  is  removed,  the  extremity 
securely  corked,  and  the  carbonate  of  lead  is  I'eady  for  direct 
transference  to  the  combustit)n-tube. 

The  general  miDnptiliitioiis  for  snhsfancen  containing  nitrogen 
resemble  the  foregoing  so  far  as  the  use  of  a  combustion-tube 
and  furnace  and  collection  of 

the  ammoniacal  gas  are    con-  Fig.  87. 


cerned.  The  combustion-tube 
must  be  quilled  at  one  end,  and 
about  a  third  of  a  metre  long. 
The  soda-lime  is  made  by  slak- 
ing quicklime  with  a  solution 
of  soda,  of  such  a  strength  tliat 
about  two  parts  of  quicklime 


shall  be  mixed  with  one  of  by-  Nitrogen-bulbs, 
drate  of  sodium,  drying  the  prod- 
uct, heating  to  bright  redness,  and  finally  powdering;  it  should 
be  preserved  in  a  well-closed  bottle.  Some  of  the  soda-lime  is 
introduced  into  the  tube,  then  layers  of  substance  and  soda- 
lime,  mixture  effected  by  a  wire,  more  soda-lime  added,  and 
lastly  a  plug  of  asbestos.  Bulbs  (Fig.  87),  known  as  those  of 
Will  and  Varrentrapp  (the  originators  of  the  method),  contain- 
ing hydrochloric  acid  of  about  25  per  cent.,  are  then  fitted  by 
a  cork,  and  the  tube  heated  in  a  furnace  to  a  not  too  bright  red 
heat,  or  some  of  the  produced  ammonia  may  be  decomposed. 
When  gas  ceases  to  pass  and  combustion  is  considered  to  be 
gvi/e  complete,  the  tube  is  allowed  to  cool  somewhat.  The 
quill  is  then  broken,  and  aspiration  continued  slowly  until 
ammoniacal  gas  may  be  considered  to  have  been  all  absorbed 
by  the  acid.  The  bulls  are  disconnected,  their  contents  and 
rinsings  poured  into  a  small  dish,  solution  of  perchloride  of 
platinum  added,  and  the  operation  completed,  as  in  the  estima- 
tion of  ammonium  and  potassium  salts  (vii/e  pp.  584  and  586). 

fji/nv/x  are  anali/zed  by  a  similar  method  to  that  adopted  for 
solids,  volatile  liquids  being  enclosed  in  small  bulbs  having  a 
long  quill.  These  are  weighed  previously  to  and  after  the  in- 
troduction of  the  liquid;  just  before  being  dropped  into  the 
conibustion-tubc  the  quill  is  broken. 

J'orninlfc. — From  the  percentage  composition  of  an  organic 
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substance  an  empirical  formula  may  be  deduced  by  dividing 
the  weight  of  each  constituent  by  its  atomic  weight,  and  con- 
verting the  product  into  the  simplest  whole  numbers  ;  a  rational 
formula  by  ascertaining  the  proportion  in  which  the  substance 
unites  with  a  radical  or  body  having  a  known  combining  pro- 
portion, etc.  (^■^V/e  p.  428). 

Chlorine,  bromine,  or  iodine  contained  in  an  organic  sub- 
stance is  usually  estimated  by  heating  to  redness  a  given 
weight  of  the  material  with  ten  times  as  much  pure  lime  in  a 
combustion-tube.  Chloride,  bromide,  or  iodide  of  calcium  is 
thus  produced.  While  still  hot  the  tube  is  plunged  into  water, 
the  mixture  of  broken  glass  and  powder  treated  with  pure 
diluted  nitric  acid  in  very  slight  excess ;  the  filtered  liquid  pre- 
cipitated by  nitrate  of  silver,  and  the  chloride,  bromide,  or  iodide 
of  silver  collected,  washed,  dried,  and  weighed. 

Sulphur,  jjhoxphorus,  and  araenicum  in  organic  salts  may  be 
estimated  by  gradually  heating  in  a  combustion-tube  1  part  of 
the  substance  with  a  mixture  of  10  parts  nitre,  2  dried  carbo- 
nate of  sodium  (in  order  to  moderate  deflagration),  and  30  chlo- 
ride of  sodium.  The  product  is  dissolved  in  water  acidulated 
by  nitric  acid,  the  sulphuric  radical  precipitated  and  estimated 
as  sulphate  of  barium,  the  phosphoric  and  arsenic  radicals  as 
ammonio-magnesium  phosphate  or  arseniate. 

aUININE  OR  aUINIA. 

De  Vry's  Method  for  the  Separation  of  the  Mixed  Alhuloids 
from  Cinchona-bark. — This  is  the  method  adopted  for  the  assay 
of  cinchona-bark  in  the  United  States  Pharmacopajia :  Twenty 
grammes  of  powdered  and  sifted  bark,  dried  at  100°  C,  are 
mixed  with  milk  of  lime  made  of  5  grammes  of  dry  slaked 
lime  and  50  grammes  of  water.  This  mixture  is  slowly  dried, 
and  when  entirely  dry  heated  in  a  flask  with  200  c.c.  of  very 
strong  alcohol  (about  95  per  cent.)  till  it  boils.  After  well 
shaking,  the  clear  liquid  is  poured  by  degrees  into  a  percolating 
tube.  The  flask  is  then  washed  with  200  c.c.  more  of  the  same 
alcohol,  and  the  liquid  passed  through  the  percolator.  After 
this  has  run  through,  a  little  clear,  colorless  liquid  may  be 
further  collected  by  pouring  into  the  percolator  successive 
small  quantities  of  distilled  water.  The  united  clear  liquors 
are  now  slightly  acidulated  with  weak  sulphuric  acid,  whereby 
a  precipitate  of  sulphate  of  calcium  is  formed.  When  this 
has  subsided  the  greater  part  of  the  liquid  may  be  decanted 
and  the  rest  passed  through  a  small  filter.  From  the  clear  so- 
lution most  of  the  spirit  is  distilled  oflf,  the  residue  poured  into 
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a  capsule,  and  the  still  washed  with  a  little  weak  spirit,  the 
washings  being  added  to  the  li(iuid  in  the  capsule.  The  cap- 
sule is'^now  heated  on  a  water-bath  till  free  from  alcohol,  and 
the  remaining  liquor,  which  contains  all  the  alkaloids  in  the 
form  of  acid  sulphates,  is,  after  cooling,  passed  through  a  small 
filter.  On  the  filter  renuiins  a  mixture  of  quinovine*  and  fatty 
substances,  which  must  be  repeatedly  washed  with  water  slight- 
ly acidulated  with  sulphuric  acid,  till  the  washings  are  no  longer 
rendered  turbid  by  caustic  soda.  The  filtrate,  concentrated 
over  a  water-bath,  is,  while  utiU  warm,  precipitated  by  a  large 
excess  of  caustic  soda.  This  precipitation  from  a  warm  solu- 
tion has  the  advantage  of  rendering  the  alkaloids  less  volu- 
minous, and  therefore  capable  of  being  more  easily  washed. 
(Should  the  alkaloids  melt,  as  is  sometimes  the  case  under  this 
treatment,  the  liquid  must  be  cooled  and  the  fused  alkaloids 
carefully  powdered  before  proceeding  to  the  next  step  of  the 
process.)  The  precipitate  is  next  placed  on  a  small  filter, 
washed  with  the  smallest  possible  quantity  of  distilled  water 
(sufficient  to  remove  the  soda-salt  without  dissolving  the  qui- 
nine, etc.)  ;  the  filter  is  laid  on  blotting-paper,  and  this  is  re- 
newed until  the  mixed  alkaloids  can  easily  be  removed  from 
the  filter  without  adhering  to  it :  this  can  be  done  before  they 
are  quite  dry,  but  requires  some  practice.  They  are  then 
heated  in  a  tared  capsule  on  a  water-bath  till  they  cease  to 
lose  weight.  The  observed  weight  multiplied  by  five  gives  the 
percentage  of  mixed  alkaloids  in  the  bark.  The  intensely  yel- 
low alkaline  liquor  separated  from  the  alkaloids  contains  still 
a  small  quantity  of  quinovine,  which  can  be  separated  by  acidi- 
fying with  hydrochloric  acid. 

As^sai/  of  Mired  Alkaloiih  for  Qniuinp. — The  official  (U.  S.  P.) 
method  is  as  follows  :  "  To  the  total  alkaloids  from  20  grammes 
of  cinchona,  previously  weighed,  add  distilled  water  acidulated 
with  diluted  sulphuric  acid  until  the  mixture  remains  for  ten 
or  fifteen  minutes  after  digestion  just  distinctly  acid  to  test- 
paper.  Tran,sfer  to  a  weighed  beaker,  rinsing  with  distilled 
water,  and  adding  of  this  enough  to  make  the  whole  weigh 
aevrnfy  (imea  the  weight  of  the  alkaloids.  Add  now,  in  drops, 
solution  of  .soda  previou.sly  well  diluted  with  distilled  water 
until  the  mixture  is  exactly  neutral  to  test-paper.  Digest  at 
60°  C.  (140°  F.)  for  five  minutes,  then  cool  to  15°  C.  (59°  F.), 
and  maintain  at  this  temperature  for  half  an  hour.    If  crys- 


*  This  is  strictly  a  mixture  of  quinovine  and  quinovic  acid,  but,  as 
quinovine  is  by  far  tlie  larffcr  constituent,  I  actually  prefer  the  name 
of  quinovine  for  the  mixture. — Dc  VriJ. 
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tals  do  not  appear  in  the  glass  vessel,  the  total  alkaloids  do  not 
contain  quinine  in  quantity  over  eight  per  cent,  of  their  weight 
(corresponding  to  nine  per  cent,  of  sulphate  of  quinine,  crj'stal- 
lized).  If  crystals  appear  in  the  mixture,  pass  the  latter 
through  a  filter  not  larger  than  necessary,  prepared  by  drying 
two  filter-papers  of  two  to  three  and  a  half  inches  (5  to  9  cen- 
timetres) diameter,  trimming  them  to  an  equal  weight,  folding 
them  separately,  and  placing  one  within  the  other  so  as  to 
make  a  plain  filter  fourfold  on  each  side.  When  the  liquid 
has  drained  away,  wash  the  filter  and  contents  with  distilled 
water  of  a  temperature  of  15°  C.  (59°  F.),  added  in  small 
portions,  until  the  entire  filtered  liquid  weighs  niiiefi/  times  the 
weight  of  the  alkaloids  taken.  Dry  the  filter,  without  sepa- 
rating its  folds,  at  60°  C.  (140°  F.),  to  a  constant  weight,  cool, 
and  weigh  the  inner  filter  and  contents,  taking  the  outer  filter 
for  a  counterweight.  To  the  weight  of  effloresced  sulphate  of 
quinine  so  obtained  add  11.5  per  cent,  of  its  amount  (for  water 
of  crystallization),  and  add  0.12  per  cent,  of  the  weight  of  the 
entire  filtered  liquid  (for  solubility  of  the  crystals  at  15°  C.  or 
59°  F.).  The  snm  in  grammes,  multiplied  by  fire,  equals  the 
percentage  of  crystallized  sulphate  of  quinine  equivalent  to 
the  quinine  in  the  cinchona." 

De  Vrij^s  Method  for  the  Separation  and  Quantitative  Defrr- 
mination  of  All  the  Different  Cinchona  Alkaloidn. — This  is  based 
upon  the  following  facts  (nomenclature  adopted  by  the  Quino- 
logical  Congress  of  Amsterdam,  1877): — 

1.  The  great  solubility  of  quinine  and  amorphous  alkaloids 
in  ether,  and  the  relative  insolubility  of  quinidine,  cinchonidine, 
and  cinchonine  in  this  liquid. 

2.  The  great  solubility  of  the  iodosulphate  of  the  amorphous 
alkaloid  in  alcohol  of  at  least  90  per  cent.,  and  the  very  slight 
solubility  of  the  iodosulphate  of  quinine  (Herapathite)  in  the 
same. 

3.  The  great  difference  in  solubility  between  the  tartrate  of 
cinchonidine  and  the  tartrates  of  cinchonine  and  quinidine — 
the  first  being  soluble  in  1265  parts  of  water  at  10°  C,  the 
second  in  35.6  parts  of  water  at  1G°  C,  and  the  third  in  38.8 
parts  of  water  at  15°  C. 

4.  The  great  difference  in  solubility  between  the  hj'driodate 
of  quinidine  and  the  hydriodates  of  cinchonidine  and  cincho- 
nine in  water  and  alcohol.  One  part  of  hydriodate  of  quini- 
dine requires  1250  parts  of  water  at  15°  C.  or  110  parts  of 
alcohol;  the  same  salt  of  cinchonidine.  110  parts  of  water  or 
3  parts  of  alcohol ;  and  that  of  cinchonine,  128  of  water  or  3 
of  alcohol. 
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These  facts  are  applied  to  the  separation  and  determination 
of  the  different  cinchona  alkaloids  in  the  following  manner : — 

A.  DetiniiiiiiitloiL  of  Qniniiie. — 1.  Preparation  of  the  lodo- 
snlphate  of  C hiiiioldiu.  One  part  of  commercial  quinoidin 
(Sulphate  of  Chinoidin  is  identical  with  Sulphate  of  Amor- 
phous Quinine,  prepared  according  to  Dr.  De  Vrij's  process  by 
Messrs.  Howard  &  Sons,  Stratford,  London)  is  heated  on  a 
water-bath  with  two  parts  of  benzol,  whereby  the  quinoidin 
is  partly  dissolved.  The  cold  clear  benzol  solution  is  shaken 
with  an  excess  of  weak  sulphuric  acid,  whereby  a  watery  solu- 
tion of  acid  sulphate  of  chinioidin  is  obtained.  After  ascer- 
taining in  a  small  part  of  this  solution  the  amount  of  amor- 
phous alkaloid  contained  in  it,  so  that  its  whole  quantity  in  the 
solution  may  be  known,  the  clear  solution  is  poured  into  a  large 
capsule.  For  every  2  parts  of  amorphous  alkaloids  contained 
in  the  solution,  1  part  of  iodine  and  2  parts  of  iodide  of  potas- 
sium are  dissolved  in  water.  This  solution  is  slowly  added 
under  continuous  stirring  to  the  liquid  in  the  capsule,  so  that 
no  part  of  it  comes  into  contact  with  an  excess  of  iodine.  By 
this  addition  an  orange-colored  flocculent  precipitate  is  formed 
of  iodosulphate  of  chinioidin,  which  either  spontaneously  or 
by  a  slight  elevation  of  temperature  collapses  into  a  dark 
brown-red  colored  resinous  substance,  whilst  the  supernatant 
liquor  becomes  clear  and  slightly  yellow-colored.  This  liquor 
— which,  if  the  prescription  is  strictly  followed,  must  still  con- 
tain some  amorphous  alkaloid  as  a  proof  that  no  excess  of 
iodine  has  been  used — is  poured  off  and  the  resinous  substance 
is  waished  by  heating  it  on  a  water-bath  with  distilled  water. 
After  washing,  the  resinous  substance  is  heated  on  the  water- 
bath  till  all  the  water  has  been  evaporated.  It  is  then  soft 
and  tenacious  at  the  temperature  of  the  water-bath,  but  be- 
comes hard  and  brittle  after  cooling.  One  part  of  this  sub- 
stance is  now  heated  with  G  parts  of  alcohol  of  92  to  95  per 
cent,  on  a  water-bath,  and  is  thus  dis,solved,  and  the  solution 
allowed  to  cool.  In  cooling,  a  part  of  the  dissolved  substance 
is  separated.  The  clear  dark  brown-red  colored  solution  is 
evaporated  on  a  water-bath,  and  the  residue  dissolved  in  5 
parts  of  cold  alcohol.  This  second  solution  leaves  a  small 
part  of  insoluble  substance.  The  clear  dark  brown-red  colored 
solution  obtained  by  the  separation  of  this  ini5oluble  matter 
either  by  decantation  or  filtration  constitutes  the  reagent  which, 
under  the  name  of  "  iodosulphate  of  chinioidin,"  Dr.  De  Vrij 
u.ses  both  for  the  qualitative  and  quantitative  determination  of 
the  vrystallizahle  quinine  in  barks. 

2.  Application  of  the  Reajent.   To  determine  the  quantity 
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of  quinine  contained  in  the  mixed  alkaloids  obtained  from  a 
cinchona-bark,  1  joart  of  these  alkaloids  *  is  dissolved  in  20 
parts  of  alcohol  of  92  to  95  per  cent.,  containing  1"5  per  cent, 
of  H2S04,t  to  obtaift  an  alcoholic  solution  of  the  acid  sulphates 
of  the  alkaloids,  and  this  solution  is  diluted  with  50  parts  of 
pure  alcohol.  From  this  solution  the  quinine  is  separated  at 
the  ordinary  temperature  by  adding  carefully,  by  means  of  a 
pipette,  the  above-mentioned  solution  of  iodosulphate  of  chin- 
ioidin  as  long  as  a  dark  brown-red  precipitate  of  iodosulphate 
of  qtiinine  (Herapathite)  is  formed.  As  soon  as  all  the  qui- 
nine has  been  precipitated,  and  a  slight|  excess  of  the  reagent 
has  been  added  the  liquor  acquires  an  intense  yellow  color, 
The  beaker  §  containing  the  liquor  with  the  precipitate  is  now 
covered  by  a  watch-glass,  and  heated  till  the  liquid  begins  to 
boil  and  all  the  precipitate  is  dissolved.  The  beaker  is  then 
left  to  itself,  and  in  cooling  the  Herapathite  is  separated  in 
the  well-known  beautiful  crystals.  After  twelve  hours'  rest 
the  beaker  is  weighed  to  ascertain  the  amount  of  liquid  which 
is  necessary  in  order  to  be  able  to  apply  later  the  necessary 
correction,  for  although  the  quinine-Herapathite  is  very  slightly 
soluble  in  cold  alcohol,  it  is  not  insolvible.||  The  clear  liquid 
is  poured  off^  as  far  as  possible  on  a  filter,  leaving  the  majority 
of  the  crystals  in  the  beaker,  which  is  now  weighed  again  to 


*One  gramme  is  a  sufficient  quantity. 

t  This  quantity  is  quite  sufficient  to  transform  tlie  alkaloids  into  acid 
Buli3liates,  lor  an  excess  of  acid  would  increase  the  solubility  of  the 
Herapathite. 

J  If  cinchonidine  is  present  in  large  quantity — as,  for  instance,  in  the 
alkaloids  obtained  from  succirubra-bark — the  estimation  of  this  slight 
excess  requires  a  great  deal  of  practical  experience,  which  cannot  be 
acquired  witliout  having  studied  the  action  of  the  reagent  on  a  solution 
of  pure  cinchonidine  in  tlie  quantity  mentioned  of  pure  and  acid  alco- 
hol. In  manipulating  the  alkaloids  of  succirubra-bark,  it  oi'ten  hap- 
pens that  the  first  drops  of  the  reagent,  instead  of  producing  a  precipi- 
tate of  quinine-Herapathite,  form  an  orange-colored  gelatinous  pre- 
cipitate. In  this  case  the  further  addition  of  the  reagent  is  stopped 
and  the  beaker  slightly  heated,  whereby  tlie  precipitate  immediately 
disappears.  In  rubbing,  then,  the  sides  of  tlie  beakers  with  a  glass  rod, 
the  quinine-Herapathite  appears,  and  then  the  reagent  can  be  safely 
added  again. 

I  The  conical  form  of  beaker,  commonly  in  use,  is  peculiarly  adapted 
for  this  purpose. 

II  According  to  the  experiments  of  Professor  Jorgensen,  100  parts  of  a 
saturated  solution  of  Herapathite  in  alcohol  of  00  per  cent,  at  a  tem- 
perature of  1G°  C.  contain  0.125  parts  of  Herai)athite. 

II  Before  pouring  off  the  whole  quantity,  it  is  safe  to  ascertain  with  a 
small  portion  of  it  if  the  necessary  quantity  of  the  reagent  has  been 
added. 
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ascertain  the  amount  of  liquid,  which  is  noted  down.  The  few 
crystals  on  the  filter  are  now  washed  down  in  the  beaker,  and 
as  much  alcohol  added  as  is  necessary  to  redissolve  all  the 
crystals  at  the  boiling-point.  The  object  of  this  redissolving 
is  to  be  absolutely  certain  that  by  surface  attraction  no  trace 
of  iodosulphate  of  cinchoiiidine  has  adhered  to  the  crystals  of 
Ilerapathite,  for  these  traces,  if  present,  will  remain  dissolved 
after  the  recrystallization.  After  perfect  cooling  the  weight  of 
the  beaker  is  ascertained  again,  the  crystals  of  Herapathite 
carefully  collected  on  a  small  filter,  and  the  empty  beaker 
weighed  again.  The  difference  in  weight  will  indicate  the 
amount  of  liquor  which  is  added  to  that  of  the  first  liquor,  and 
from  the  sum  of  this  addition  the  necessary  correction  is  cal- 
culated. If  the  operation  is  effected  at  a  temperature  of  16° 
C,  the  weighed  quantity  of  the  two  combined  liquors  will  in- 
dicate the  correction  if  multiplied  by  0.125  and  divided  by  100. 
If  the  temperature  be  lower  or  higher,  the  solubility  of  Hera- 
pathite at  that  temperature  must  be  ascertained  by  experiment, 
which  can  be  easily  performed  by  a  standard  solution  of  hypo- 
sulphate  of  sodium,  as  21.58  parts  of  iodine  found  by  this 
reagent  indicate  100  parts  of  Herapathite.  The  Herapathite 
collected  on  the  filter  is  thoroughly  wa.shed  with  a  saturated 
alcoholic  solution  of  pure  Herapathite,*  and  after  this  washing 
is  completed  the  liquid  retained  by  the  crystals  is  expelled  as 
much  as  possible  by  slightly  knocking  the  sides  of  the  funnel. 
The  filter  is  then  taken  from  the  funnel  and  laid  upon  blotting- 
paper,  often  renewed,  to  take  away  as  quickly  as  possible  the 
still  adhering  liquid.  As  soon  as  the  filter  is  air-dry  the  crystals 
of  Herapathite  can  be  completely  removed  from  the  filter  and 
dried  on  a  water-bath  in  one  of  a  couple  of  large  watch-glasses 
closing  tightly  upon  each  other,  so  that  the  weight  of  the  sub- 
stance contained  in  the  glass  may  be  taken  without  the  access 
of  the  air.  Tf,  after  repeatedly  weighing,  the  weight  remains 
constant,  it  is  noted  down,  and  to  it  is  added  the  product  of  the 
calculated  correction.  The  sum  of  this  addition  is  the  total 
amount  of  iodosulphate  of  quinine  obtained  from  the  mixed 
alkaloids  subjected  to  the  operation,  and  from  this  weight  the 
aiuount  of  quinine  can  be  calculated  by  tlie  use  of  Jcjrgensen's 
formula:  4C.2oHiiN.XX,,;)H.^SO„2HI,I,.  According  to  this  for- 
mula, 1  part  of  Herapathite  dried  at  100°  0.  represents  0.55055 
part  of  pure  anhydrous  Cjuinine.  #' 

B.  Dctcrmiiialion  of  the  Otlu:r  Alh-ahnds. — Two  grammes  of 


*  A  Wiisliin};-l>ottle  containing  an  excess  of  pure  crvstallizcd  Hera- 
pathitu  in  alcohol  of  9-j  per  cent,  may  be  kept  ready  for  application. 
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the  pulverized  mixed  alkaloids  are  dissolved  in  weak  hydro- 
chloric acid  to  obtain  a  slightly  alkaline  solution  measuring  70 
c.c.  By  adding  1  gramme  of  Rochelle  salt  to  this  solution  the 
tartrates  of  quinine  and  cinchonidine  are  separated ;  these  are 
collected  on  a  filter,  washed  with  a  little  water,  and  dried  on  a 
water-bath.  One  part  of  these  tartrates  represents  .80844  of 
quinine  and  cinchonidine :  from  the  amount  of  these  alkaloids 
thus  found  the  amount  of  quinine  already  ascertained  is  sub- 
tracted, the  remainder  representing  the  cinchonidine  present. 
In  the  filtrate  from  the  tartrates  quinidine  (if  present)  is  pre- 
cipitated by  a  concentrated  solution  of  potassium  iodide  ;  one 
part  of  the  dried  hydriodate  representing  .86504  of  crystallized 
quinidine.  The  remaining  solution  is  treated  with  caustic 
soda,  and  the  precipitate  (if  any)  washed  with  ether.  The 
residue  represents  the  amount  of  cinchonine.  Finally,  by  dis- 
tilling the  ether  from  the  washings  can  -be  ascertained  the 
amount  of  amorphous  alkaloid,  which  often,  in  the  case  of 
analysis  of  Indian  barks,  contains  traces  of  quinamine. 

ProRius's  M/'.thud  for  the  Estimation  of  Total  Alkaloids  in 
Ciiichoiia-hai-k,  as  modified  hy  De  VriJ. — The  principle  of  the 
method  referred  to  consists  in  using  for  the  extraction  of  the 
alkaloids  a  mixture  of  88  parts  (by  weight)  of  ether,  8  of 
alcohol  (92  to  95  per  cent.),  and  4  of  liquid  ammonia.  Prollius 
directs  10  grammes  of  this  liquid  to  be  taken  for  every  gramme 
of  bark;  but  De  Vrij  recommends  the  proportion  of  menstruum 
to  be  doubled.  10  grammes  of  finely-powdered  bark  are  intro- 
duced into  a  well-closed  bottle,  and,  after  being  carefully  tared, 
200  grammes  of  the  ethereal  liquid  are  added.  The  whole  is 
now  shaken  at  intervals  during  one  hour  (Biel  saj-s  foxr  hours), 
this  length  of  time  having  been  ascertained  by  comparative 
experiments  to  be  sufficient.  The  bottle  is  then  again  weighed, 
and  if  evaporation  has  taken  place  the  necessary  quantity  of 
ether  mixture  is  added.  As  much  as  possible  of  the  clear 
liquid  is  now  poured  off  into  a  flask,  and  the  bottle  again 
weighed  ;  the  difference  in  weight  gives  the  amount  of  solution 
taken.  The  ether  is  then  recovered  by  distillation,  and  the 
residual  liquid,  containing  alkaloid  and  waxy  matter,  is  trans- 
ferred to  a  tared  poi-celain  dish  and  glass  rod,  the  flask  being 
washed  with  a  little  spirit.  The  evaporation  is  now  continued 
on  the  water-bath  until  the  weight  is  constant.  This  gives  the 
amount  of  crude  alkaloid.  For  instance,  10  grammes  of  succi- 
rubra-bark  were  digested  with  200  grammes  of  cthcre.il  liquid  : 
159.8  grammes  of  the  clear  solution  gave  a  residue  of  0.78 
gramme,  or  9.76  per  cent,  of  crude  alkaloid. 

To  estimate  the  pure  alkaloids,  the  crude  residue  is  dissolved 
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in  dilute  hydrochloric  acid,  filtered,  washed  as  long  as  the 
washings  precipitate  with  solution  of  soda,  and  the  whole  made 
alkaline  and  shaken  with  chloroform.  After  standing  twelve 
hours  the  clear  chloroformic  solution  is  run  into  a  flask  and 
evaporated  by  distillation.  The  residue  is  transferred  with  a 
little  spirit  to  a  tared  dish  and  stirrer,  and  heated  on  the  water- 
bath  till  the  weight  is  constant.  Particular  attention  should 
be  paid  to  the  latter  point.  In  the  instance  referred  to  0.G48 
gramme  of  alkaloid  was  obtained,  equivalent  to  8.11  per  cent., 
or  about  1^  per  cent,  less  than  the  amount  of  crude  alkaloid. 
By  estimating  the  crude  alkaloid  and  deducting  Ij  per  cent., 
a  result  will  be  arrived  at,  with  loss  of  but  little  time,  which, 
for  the  practical  purposes  of  the  pharmacist,  will  be  sufficiently 
near  the  truth. 

Carles  s  Process  for  ilm  Valuation  of  Cinchoim-harhs. — An 
average  sample  of  the  bark  is  reduced  to  fine  powder  and 
passed  through  a  sieve  without  residue.  Twenty  grammes  are 
then  taken  and  intimately  mixed  in  a  mortar  with  8  grammes 
of  slaked  lime  previously  mixed  with  35  grammes  of  water. 
This  mixture,  spread  on  a  plate,  is  dried  in  the  air  in  summer 
or  on  a  water-bath  at  other  times.  When  all  the  moisture  hag 
evaporated,  the  lumps  are  broken  up  and  the  powder  packed  in 
a  percolator  with  a  piece  of  lint  at  the  bottom.  Chloroform  is 
then  passed  through  in  successive  portions  till  the  mass  is  ex- 
hausted. This  is  a.scertained  by  receiving  the  last  drops  on  a 
watch-glass,  evaporating  to  dryness  and  pouring  on  the  residue 
water  acidulated  with  dilute  sulphuric  acid,  then  solution  of 
chlorine,  and  lastly  ammonia.  When  a  green  color  is  no  longer 
produced  it  is  known  that  all  the  quinine  has  been  removed. 
When  the  operation  is  well  conducted  about  150  grammes  of 
chloroform  suffice  for  this  purpose.  The  menstruum  retained 
by  the  mass  is  displaced  by  water,  and  the  whole  of  the  chloro- 
form .solution  is  either  distilled  or  evaporated  to  dryness.  To 
separate  the  alkaloids  from  the  residue  it  is  treated  several 
times  in  the  cold  with  diluted  sulphuric  acid  (1  to  10),  10  to  12 
cubic  centimetres  being  sufficient.  This  solution,  thrown  upon 
a  moistened  filter,  passes  through  colorless  and  free  from  resin- 
ous matter.  It  is  raised  to  the  boiling-point  and  ammonia 
cautiously  added,  so  as  to  leave  the  liquid  with  a  dlrfhthj  acid 
reaction.  The  sulphate  of  ammonium  thus  formed  appears  to 
prevent  the  mother-liquids  from  retaining  sulphate  of  quinine 
in  .solution.  All  the  quinine  crystallizes  out  in  the  state  of 
sulphate.  After  some  time  it  is  collected  on  a  double  filter,  the 
mother-liquors  displaced  by  a  little  water,  and  the  crystals  dried 
and  weighed.    It  is  preferable  to  dry  completely  at  100°  C, 
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and  after  weighing  in  this  state  to  add  the  12  per  cent,  of 
water  which  is  lost  by  this  treatment.  The  other  alivaloids  re- 
tained in  the  mother-liquors  are  separated  by  precipitation. 

A  quantitative  determination  of  the  fm-ity  of  commercial  sul- 
phate of  quinine  may  be  made  by  dissolving  1  gramme  of  the 
salt  in  20  grammes  of  alcohol  containing  .7562  per  cent,  of 
sulphuric  acid,  adding  20  more  grammes  of  alcohol,  and  preci- 
pitating the  quinine  as  Herapathite  in  the  manner  above  de- 
scribed. If  pure,  one  gramme  of  quinine  should  yield  1.3 
grammes  of  Herapathite  (De  Vrij). 

Kmters  Test  for  the  Purity  of  Sulphate  of  Quinine. — This 
has  already  been  described  as  a  qualitative  test  under  Quinine 
(p.  38G).  It  may  be  applied  quantitatively  in  the  following 
manner  :  5  grammes  of  the  sulphate  to  be  tested  are  triturated 
in  a  mortar  with  a  little  cold  Avater,  and  the  whole  placed  in  a 
stoppered  bottle  previously  calibrated  for  50  c.c.  Water  is 
added  to  50  c.c,  and  the  mixture  is  well  agitated  and  set  aside 
for  a  day  or  so.  It  is  then  filtered,  and  a  portion  of  the  filtrate, 
say  30  c.c,  is  examined.  To  30  c.c  of  the  filtrate  42  c.c.  of 
ammonia  solution  (sp.  gr.  0.90)  are  added,  and  the  mixture 
agitated.  If  a  permanent  precipitate  remains  it  is  collected  on 
a  filter,  washed,  dried  at  100°  C.,  and  weighed.  This  weight  is 
the  amount  of  alkaloid  other  than  quinine  in  3  grammes  of 
sulphate.  Multiplied  by  33.3,  it  is  the  percentage  of  alkaloid 
other  than  quinine,  generally  cinchonidine,  contained  in  the 
specimen  of  sulphate.  To  obtain  the  amount  of  sulphate  of 
cinchonidine  corresponding  to  this  percentage  it  must  be  multi- 
plied by  1.217. 

Paul's  Modification  of  Kerner's  Test  for  Sulphate  of  Cincho- 
nidine in  Sulphate  of  Quinine. — Dissolve  4  or  5  grammes  of 
the  salt  in  80  to  150  c.c.  of  boiling  water.  Set  aside  for  some 
hours  or  during  a  night.  Most  of  the  quinine  sulphate  is  de- 
posited, while  the  more  soluble  cinchonidine  sulphate  remains 
in  solution.  Filter.  To  the  filtrate  in  a  bottle  add  ether, 
shaking  occasionally,  until  a  distinct  layer  of  ether  remains 
vindissolved.  Add  now  ammonia  in  excess ;  quinine  is  precipi- 
tated, and  then  redissolved  by  the  excess  of  ammonia,  while 
cinchonidine  remains  insoluble.  Set  this  mixture  aside  for  a 
few  hours  ;  any  cinchonidine  which  may  have  been  carried  into 
solution  in  the  ether  along  with  the  quinine  will  separate  out 
in  a  crystalline  state.  If  a  weighed  quantity  of  the  original 
salt  has  been  operated  on,  the  separated  cinchonidine  may  be 
collected  on  a  filter,  wa.shed  with  a  little  ether,  and  weighed. 
Care  must  be  taken  that  the  filter  docs  not  retain  quinine  de- 
posited by  the  evaporating  of  the  ether  which  held  it  in  solution. 
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This  will  be  .avoided  if  the  flask  in  which  the  operation  is  con- 
ducted is  of  such  a  size  that  the  ethereal  solution  of  quinine 
collects  in  the  neck  ;  for  the  latter  liquid  may  be  removed  by  a 
pipette,  a  little  more  ether  then  poured  in,  the  cork  replaced, 
and  the  whole  shaken  and  set  aside  ;  and  this  operation  repeated 
two  or  three  times  before  the  cinchonidine  is  collected.  The 
cinchonidine,  being  thus  washed  with  a  minimum  of  ether,  suiFers 
a  minimum  loss. 

The  quinine  sulphate  deposited  from  the  first  aqueous  solu- 
tion should  be  again  recrystallized  and  its  mother-liquor  treated 
as  above ;  and  even  the  sulphate  deposited  in  this  second 
treatment  should  be  once  more  carried  through  the  operation. 
The  whole  of  the  cinchonidine  may  finally  be  collected  on  one 
filter. 

The  aqueous  filtrates  may  even  be  evaporated,  set  aside, 
filtered,  and  the  ether  test  again  applied  (Parker). 

Sulphate  of  quinine  normally  contains  14.45  per  cent,  of 
water;  sulphate  of  cinchonidine,  13.17  per  cent. — all  given  off 
at  100°  to  115°  C.  The  drying  should  therefore  be  efl'ected  at 
100°  C,  and  the  dried  salt  weighed  in  well-fitting  weighing- 
tubes.  100  parts  of  cinchonidine  are  equivalent  to  116  parts 
of  sulphate  of  cinchonidine. 

Sulphate  of  cinchonidine  is  almost  the  only  salt  likely  to 
be  accidentally  present  in  the  sulphate  of  quinine  of  trade, 
much  quinidine  being  rarely  present  in  bark,  and  sulphate  of 
cinchonine  being  sufficiently  soluble  to  always  remain  in  the 
mother-liquors  of  sulphate  of  quinine.  The  sulphate  of  cin- 
chonidine may  vary  from  1  to  12  per  cent.,  but  more  usually 
is  present  to  the  extent  of  about  6  per  cent. 

Qui)iina,  U.  S.  P. :  "  If  1  gm.  of  quinine  be  mixed,  in  a 
mortar,  with  0.5  gm.  of  sulphate  of  ammonium  and  5  c.c.  of 
distilled  water,  the  mixture  thoroughly  dried  on  the  water-bath, 
the  residue  (which  should  be  neutral  to  test-paper)  agitated 
with  10  c.c.  of  distilled  water,  this  mixture  macerated  at  15°  C. 
(59°  F.)  for  half  an  hour,  then  filtered  through  a  small  filter, 
5  c.c.  of  the  filtrate  taken  in  a  test-tube,  and  Y  c.c.  of  water  of 
ammonia  (sp.  gr.  0.900)  then  added, — on  clo.sing  the  test-tube 
with  the  finger  and  gently  turning  it  until  the  ammonia  is  fully 
intermixed,  a  clear  li(|nid  should  be  obtained.  If  the  tempera- 
ture of  maceration  has  been  10°  C.  (00.8°  P.),  7.5  c  c.  of  the 
water  of  ammonia  may  be  added ;  if  17°  C.  (02.6°  F.),  8  c  c. 
may  be  added.  In  each  instance  a  clear  lic|uid  indicates  the 
ab.sence  of  more  tluin  al)out  1  per  cent,  of  cinchonidine  and 
quinidine,  and  of  more  than  traces  of  cinchonine." 

Qiditinai  Hnlphax,  U.  S.  P. :  "  If  1  gm.  of  the  salt  be  placed 
63 
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in  a  porcelain  capsule,  and  dried  at  a  temperature  of  100°  C. 
(212°  F.)  for  three  hours,  or  until  a  constant  weight  is  attained, 
the  remainder,  cooled  in  a  desiccator,  should  \veigh  not  less  than 
0.838  gm.  (abs.  of  more  than  8  molecules,  or  16.18  per  cent., 
of  water).  If  the  residue  thus  dried  at  100°  C.  (212°  F.)  be 
agitated  with  10  c.c.  of  distilled  water,  the  mixture  macerated 
at  15°  C.  (59°  F.)  for  half  an  hour,  then  filtered  through  a 
small  filter,  5  c.c.  of  the  filtrate  taken  in  a  test-tube,  and  7  cc. 
of  water  of  ammonia  (sp.  gr.  0  960)  then  added, — upon  treat- 
ing this  liquid  as  described  above  for  Quiiniia  the  results  there 
given  should  be  obtained." 

Of  the  Citrate  of  Iron  and  Quinine  {Ferri  et  Quin  inse  Cifra-i, 
B.  P.  and  U.  S.  P.)  it  is  ofiicially  stated  that  "  50  grains  dis- 
solved in  a  fluidounce  of  water  and  treated  with  a  slight  excess 
of  ammonia  give  a  white  precipitate,  which,  Avhen  collected  on 
a  filter,  washed,  and  dried  (at  260°  F.),  weighs  8  grains. 
The  precipitate  is  almost  entirely  soluble  in  two  or  three 
fluidrachms  of  pure  ether,"  and  the  ethereal  solution  set  aside 
for  twelve  hours  in  a  small  well-corked  bottle  yields  no  crystal- 
line deposit  (of  quinidine). 

Another  Process  for  the  Determination  of  the  Quinine  of  the 
Scaled  Compound. — A  weighed  quantity  of  the  scale,  about  4 
grammes,  is  dissolved  in  about  50  c  c.  of  water,  and  the  whole 
is  placed  in  a  closed  separating-funnel.  About  the  same  vol- 
ume of  chloroform  is  added,  and  enough  ammonia  to  impart  a 
distinctly  alkaline  reaction.  The  whole  is  well  agitated,  and 
is  allowed  to  stand  until  the  two  layers  separate.  The  cliloro- 
formic  layer  is  then  run  into  a  weighed  dish.  The  aqueous 
solution  is  treated  in  this  way  with  two  more  portions  of  chlo- 
roform, about  25  c.c.  each.  The  mixed  chloroformic  solutions 
are  then  evaporated  to  dryness  over  a  water-bath,  and  the 
weight  of  the  residue  determined.  To  the  residue  is  added 
about  25  c.  c.  of  water  and  enough  dilute  sulphuric  acid  to 
impart  a  decidedly  acid  reaction.  The  mixture  is  next  heated 
over  a  water-bath  until,  the  solution  remaining  acid,  the  residue 
has  completely  dissolved.  Dilute  soda  solution  is  afterward 
added  with  great  care  until  the  solution  is  exactly  neutral. 
The  dish  is  then  removed,  and  the  solution  allowed  to  cool  and 
rest  over  night,  when  the  quinine  will  have  separated  in  crys- 
tals of  ordinary  sulphate.  These  should  be  collected  on  a 
filter,  and  the  mother-liquor  tested  with  litmus-paper.  If  it 
is  acid,  it  must  be  warmed  over  a  water-bath,  and  dilute  soda 
solution  added  to  exact  neutralization,  and  the  solution  set 
aside  as  before,  when  some  more  crystals  will  probably  sepa- 
rate.    These  arc  also  collected,  and  with  the  former  ones 
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washed,  dried  at  100°  C,  and  weighed  [(C,oH2^N,0,)«H,S04  = 
Y-iG].  To  this  weight  must  be  added  1  gramme  for  every  750 
CO.  of  mother-liquor  for  quinine  sulphate  which  it  retains. 
From  this  weight  of  anhydrous  quinine  sulphate  is  calculated 
its  equivalent  of  hydrous  qviinine  (C.2oH,4N202)2,2PI.^O  =  684, 
the  approximate  formula  of  hydrous  quinine  dried  over  a  water- 
bath.  The  weight  thus  obtained  is  compared  with  the  weight 
of  total  alkaloid  determined,  both  having  been  reduced  to  per- 
centages. The  amount  of  hydrous  quinine  calculated  from  the 
crystals  of  sulphate  should  not  be  much  below  that  weighed 
directly.  In  good  specimens  the  difference  will  be  about  1 
per  cent.  (See  also  a  paper  by  Fletcher  in  the  Pharmaceutical 
Journal  for  Sept.  20,  1879  ;  also  in  that  for  Sept.  18,  1880,  by 
De  Vrij.) 

MOEPHINE  OR  MORPHIA. 

Th<:  official  (U.  S.  P.)  process  for  the  assay  of  opium  is  con- 
ducted in  the  following  manner : — 

Grammes. 

Opium,  in  any  condition  to  be  valued,   ....  7 

Lime,  freshly  slaked,  3 

Chloride  of  Ammonium,  3 

Alcohol, 
Stronger  Ether, 

Distilled  Water,  each  a  sufficient  quantity. 

"  Triturate  together  the  opium,  lime,  and  20  c.c.  of  distilled 
water  in  a  mortar  until  a  uniform  mixture  results ;  then  add 
.50  c.c.  of  distilled  water,  and  stir  occasionally  during  half  an 
hour.  Filter  the  mixture  through  a  plaited  filter  three  to 
three  and  one-half  inches  (75  to  90  millimetres)  in  diameter 
into  a  wide-mouthed  bottle  or  stoppered  flask  (having  the 
capacity  of  about  120  c.c.  and  marked  at  exactly  50  c.c),  until 
the  filtrate  reaches  this  mark.  To  the  filtered  liquid  (repre- 
senting 5  grammes  of  opium)  add  5  c.c.  of  alcohol  and  25  c.c. 
of  stronger  ether,  and  shake  the  mixture  ;  then  add  the  chlo- 
ride of  ammonium,  shake  well  and  frequently  during  half  an 
hour,  and  set  it  aside  for  twelve  hours.  Counterbalance  two 
small  filters  ;  place  one  within  the  other  in  a  small  funnel,  and 
decant  the  ethereal  layer  as  completely  as  practicable  upon  the 
filter.  Add  10  c.c.  of  stronger  ether  to  the  contents  of  the 
bottle  and  rotate  it;  again  decant  the  ethereal  layer  upon  the 
filter,  and  afterward  wash  the  latter  with  5  c.c.  of  stronger 
ether,  added  .slowly  and  in  portions.  Now  let  the  filter  dry  in 
the  air,  and  pour  upon  it  the  liquid  in  the  bottle,  in  portions, 
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in  such  a  way  as  to  transfer  the  greater  portion  of  the  crys- 
tals to  the  filter.  Wash  the  bottle,  and  transfer  the  remaining 
crystals  to  the  filter,  with  several  small  portions  of  distilled 
water,  using  not  much  more  than  10  c.c.  in  all,  and  distrib- 
nting  the  portions  evenly  upon  the  filter.  Allow  the  filter  to 
drain,  and  dry  it,  first  by  pressing  it  between  sheets  of  bibu- 
lous paper,  and  afterward  at  a  temperature  between  55°  and 
60°  C.  (131°  to  140°  F.).  Weigh  the  crystals  in  the  inner 
filter,  counterbalancing  by  the  outer  filter.  The  weight  of  the 
crystals  in  grammes,  multiplied  by  fwenti/^  equals  the  percent- 
age of  morphine  in  the  opium  taken." 

"On  exhausting  100  parts  of  opium,  previously  dried  at  a 
temperature  of  105°  C.  (221°  F.),  with  cold  water,  and  evap- 
orating the  solution  to  dryness,  an  extract  is  obtained  which 
should  weigh  between  55  and  60  parts." — U.  S.  P. 

Prolll.uss  Metliod  for  the  Determination  of  Morphine  in  Opium. 
— 5  to  10  grammes  of  opium  are  weighed  and  extracted  with 
100  c.c.  of  3-t-per  cent,  spirit.  The  resulting  tincture  is  well 
shaken  with  50  c.c.  of  ether  and  2  c.c.  of  solution  of  ammo- 
nia in  a  stoppered  bottle,  and  then  allowed  to  stand  from 
twelve  to  twenty-four  hours.  The  liquids  separate  slowly, 
and  retain,  partly  in  the  ether  and  partly  in  the  alcoholic 
liquid,  the  coloring-matter,  narcotine,  and  other  crystallizable 
constituents  of  opium,  while  the  morphine  separates  in  crj^stals 
between  the  two  layers,  and  finally  sinks  to  the  bottom.  The 
fluid  portion  is  decanted,  the  crystals  are  washed  with  diluted 
alcohol  dried  at  100°  C.,  and  weighed. 

Petit's  Mi'.thod — Take  15  grammes  of  opium,  suspend  it  in 
75  grammes  of  water,  and  afterward  throw  it  upon  a  filter. 
Take  55  grammes  of  the  filtrate,  which  represents  10  grammes 
of  opium,  add  3  c.c.  of  ammonia  solution,  and  agitate.  The 
morphine  deposits  rapidly  in  the  form  of  a  crj's'alline  powder. 
The  whole  is  allowed  to  stand  for  a  quarter  of  an  hour,  and 
then  27  grammes  of  alcohol  (of  95  per  cent.)  are  added; 
after  shaking  several  times  it  is  again  allo  ved  to  stand  for 
half  an  hour,  and  then  thrown  upon  a  tared  filter.  The  alka- 
loid is  washed  upon  the  filter  with  50  per  cent,  alcohol.  It  is 
then  dried  at  100°  C.  and  weighed. 

Fliicku/er's  Method. — Take  of  powdered  opium  8  grammes, 
cold  water  80  grammes ;  shake  the  mixture  frequently  ;  after 
twelve  hours  filter.  The  filter  should  have  a  diameter  of  5 
inches.  The  operation  will  afford  on  an  average  65  to  70 
grammes  of  clear  li(|uid.  No  washing  is  to  take  place.  42.5 
grammes  of  the  liquid  are  collected  in  a  little  phial,  the  weight 
of  which  has  previously  been  noted.    Next  add  to  the  solu- 
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tion  12  grammes  of  alcohol  (sp.  gr.  0.812-0.815),  10  grammes 
of  other,  and  1.5  graiuiiies  of  aiiuiioiiia-water  of  0.960  sp.  gr. 
The  mixture  after  shaking  will  remain  clear,  and  a  colorless 
layer  of  ether  will  appear  on  its  surface.  The  phial  is  corked 
and  allowed  to  stand  without  further  shaking.  After  an  hour 
or  two  crystals  of  morphine  begin  to  be  formed,  mostly  at  the 
junction  of  the  two  layers.  Presently  they  sink  to  the  bot- 
tom, and  after  a  day  or  two  the  whole  amount  of  whitish  or 
white  crystals  of  the  alkaloid  will  have  been  deposited.  They 
are  then  to  be  collected  by  using  two  folded  filters  having  a 
diameter  of  four  inches.  The  phial  is  rinsed  out  with  a 
mixture  of  G  grammes  of  alcohol  and  5  grammes  of  ether, 
and  lastly  with  10  grammes  of  ethei',  these  liquids  being  grad- 
ually poured  on  to  the  crystals  in  order  to  wash  them.  The 
funnel  in  the  mean  time  is  carefully  covered.  The  crystals 
arc  subsequently  cautiously  pressed  between  the  folds  of  the 
two  filters,  which  will  almost  completely  absorb  the  mother- 
liquor  which  the  crystals  of  morphine  may  still  retain.  It  will 
now  be  quite  easy  to  remove  the  alkaloid  neatly  from  the  fil- 
ter;  it  must  be  weighed  in  the  phial,  in  which  some  crystals 
may  have  remained  obstinately  attached  to  the  walls.  The 
phial  and  contents,  dried  at  100°  C,  contain  the  whole  amount 
of  morphine  precipitated  in  the  hydrous  condition — namely, 
CiyHiijNO;,  +  11,0.  The  operator  finally  ascertains  the  purity 
of  the  crystals.  To  this  end  he  takes  1  decigramme  of  the 
morphine  and  dissolves  it  in  10  grammes  of  lime-water.  If  the 
lime-water  be  duly  saturated  in  the  cold,  the  quantity  men- 
tioned will  be  a  little  more  than  sufficient.  The  morphine  will 
probably  leave  only  a  very  trifling  amount  of  coloring-matter, 
quite  insufficient  to  influence  appreciably  the  percentage  of 
alkaloid.  Should  narcotine  be  present  it  will  remain  undis- 
solved. It  is  important  to  precipitate  the  morphine  from  a 
solution  containing  alcohol  and  ether.  By  adding  ammonia  to 
an  a(|ueous  solution  a  flocculent  matter  is  precipitated.  This 
abundant  amorphous  mass — an  alkaloid  or  not,  it  is  ccrtaiidy 
far  from  being  morphine — remains  in  solution  if  the  li(|uid  con- 
tains a  little  alcohol,  one-third  alcohol  of  the  volume  of  the 
aqueous  filtrate  being  quite  sufllicient  for  the  purpo.se.  Of  no 
less  im])ortance  is  the  action  of  the  ether.  It  not  only  pre- 
vents the  narcotine  from  being  thrown  down  together  with 
the  morphine,  but  ether  promotes  the  formation  of  distinct  and 
pure  crystals  of  morphine,  this  alkaloid  separating  very  readily 
from  a  liquid  .saturated  with  ether.  K.  II.  Sijuibb  has  i)ub- 
lished  useful  details  respecting  this  process. 

Mi/liinin  Mrthod. — Kor  (he  colorinietric  assay  of  morphine  in 
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opium  by  means  of  iodic  acid  see  New  Remedies  for  June, 
1881. 

SUGAR. 

The  qualitative  test  of  sugar  by  means  of  an  alkaline  copper 
solution  (iJtV/e  p.  411)  may  be  applied  in  the  estimation  of 
sugar  in  sacchariferous  substances. 

Process. — 34. 65  grammes  of  pure  dry  crystals  of  ordinary 
sulphate  of  copper  are  dissolved  in  about  250  c.c.  of  distilled 
water,  and  173  grammes  of  pure  crystals  of  the  double  tartrate 
of  potassium  and  sodium  are  dissolved  in  480  c.c.  of  solution 
of  caustic  soda  of  sp.  gr.  1.14.  The  solutions  are  mixed,  and 
water  added  until  1  litre  of  solution  is  obtained.  100  c.c. 
of  this  solution  represent  3^.464  grammes  of  sulphate  of  copper, 
and  correspond  to  0.5  of  a  gramme  of  pure  anhydrous  grape- 
sugar,  0.475  of  cane-sugar,  0.82  of  maltose,  or  0.45  of  starch. 
It  mufit  be  preserved  in  a  well-stoppered  bottle  to  prevent  ab- 
sorption of  carbonic  acid,  and  be  kept  in  a  dark  place.  Should 
it  give  a  precipitate  on  boiling,  a  little  solution  of  soda  may 
be  added  when  making  experiments.  A  solution  of  this 
strength  is  officially  (U.  S.  P.)  termed  "  Test-Solution  of  Po- 
tassio-cupric  Tartrate,"  or  "  Fehling's  Solution." 

Dissolve  0.475  of  pure  dry  powdered  cane-sugar  in  about  50 
c.c.  of  water,  convert  into  grape-sugar  by  acidulating  with  sul- 
phuric acid  and  boiling  for  an  hour  or  two,  make  slightly  alka- 
line with  carbonate  of  sodium,  and  dilute  to  100  c.c.  Place 
10  c.c.  of  the  cojjper  solution  in  a  small  flask,  dilute  with  three 
or  four  times  its  bulk  of  water,  and  gently  boil.  Into  the  boil- 
ing liquid  drop  the  solution  of  sugar  from  a  burette,  one  cubic 
centimetre  or  less  at  a  time,  until,  after  standing  for  the  pre- 
cipitate to  subside,  the  supernatant  liquid  has  just  lost  its  blue 
color;  10  c.c.  of  the  solution  of  the  sugar  should  be  required 
to  produce  this  effect  =  0.0475  of  cane-sugar,  0.082  of  mal- 
tose, or  0.05  of  grape-sugar.  Experiments  on  pure  cane-sugar 
must  be  practised  until  accuracy  is  attained  ;  syrups,  diabetic 
urine,  and  saccharated  substances  containing  unknoAvn  quanti- 
ties of  sugar  may  then  be  analyzed. 

Starch  is  converted  into  grape-sugar  by  gentle  ebullition 
with  dilute  acid  for  eight  or  ten  hours,  the  solution  buing  final- 
ly diluted  so  that  one  part  of  starch,  or  rather  sugar,  shall  be 
contained  in  about  150  of  water, 

/Succharimetri/. — A  generic  term  for  certain  volumetric  oper- 
ations undertaken  with  the  view  of  ascertaining  the  qufintity 
of  sugar  present  in  any  matter  in  which  it  may  be  contained, 

Saccharinietry  is  frequently  performed  upon  common  syrup 
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(^S>/rupu!<,  B.  P.)  and  solutions  which  are  known  to  contain 
nothing  but  cane-  (ordinary)  sugar,  the  object  being  merely  to 
ascertain  the  amount  present.  In  such  a  case  it  is  only  neces- 
sary to  take  the  specific  gravity  of  the  liquid  at  60°  F.,  and 
then  refer  to  a  previously  prepared  Table  of  density  and  per- 


centages 

— 

Specific 

Sugar, 

Siieciflc 

Sugnr. 

Specific 

Sugar, 

gi-avity. 

per  cout. 

gravity. 

per  cout. 

gravity. 

per  cent. 

1.007  . 

1.8 

1.100  . 

.  23.7 

1.210  .  . 

46.2 

1.014  . 

3.5 

1.108  . 

.  25.6 

1.221  .  . 

48.1 

i.i  iO  . 

1  9Q1 

ou.u 

1.029  . 

.  7.0 

1.125  . 

.  29.4 

1.242  .  . 

52.1 

1.036  . 

.  8.4 

1.134  . 

.  31.5 

1.252  .  . 

54.1 

1.0-U  . 

.  10.4 

1.143  . 

.  33.4 

1.261  .  . 

56.0 

1.052  . 

.  12.4 

1.152  . 

.  35.2 

1.275  .  . 

58.0 

LOGO  . 

.  14.4 

1.161  . 

.  37.0 

1.286  .  . 

60.1 

1.067  . 

.  16.3 

1.171  . 

.  38.8 

1.289  .  . 

62.2 

1.075  . 

.  18.2 

1.180  . 

.  40.6 

1.309  .  . 

64.4 

1.083  . 

.  20.0 

1.190  . 

.  42.4 

1.321  .  . 

66.6? 

1.091  . 

.  21.8 

1.199  . 

.  44.3 

1.330  (b.  I 

.)66.6? 

The  sp.  gr.  may  be  taken  by  a  hydrometer,  technically 
termed  a  saccharometer.  (The  above  spec,  gravs.  =  1°  to  35° 
Baume.) 

If  a  liquid  contains  other  substances  besides  cane-sugar,  the 
test  of  specific  gravity  is  of  little  or  no  value.  Advantage 
may  then  be  taken  of  the  fact  that  syrup  causes  right-handed 
twisting  of  a  ray  of  polarized  light  to  an  extent  exactly  pro- 
portionate to  tlie  amount  of  sugar  in  solution.  The  saccharine 
fluid  is  placed  in  a  long  tube  having  opaque  sides  and  trans- 
parent ends,  and  a  ray  of  homogeneous  light,  polarized  by  re- 
flection from  a  black-trlass  mirror  or  otherwise,  is  sent  through 
the  liquid  and  optically  examined  by  a  plate  of  tourmaline, 
Nicol's  prism,  or  other  polarizing  eye-piece.  Attached  to  the 
eye-piece  is  a  short  arm  which  traverses  a  circle  divided  into 
degrees.  The  eye-piece  and  arm  are  previously  so  adjusted 
that  when  the  ray  is  no  longer  visible  the  arm  points  to  the 
zero  of  the  scale  of  degrees.  The  saccharine  solution,  how- 
ever, so  twi.st3  the  ray  as  to  again  render  it  visible  ;  and  the 
number  of  degrees  which  the  eye-piece  has  to  be  rotated  before 
the  ray  is  once  more  invisible  is  exactly  proportionate  to  the 
strength  of  the  solution.  The  value  of  the  degrees  having 
been  ascertained  by  direct  experiment  and  the  results  tabulated, 
a  reference  to  the  Table  at  once  indicates  the  percentage  of 
sugar  in  the  liquid  under  examination.    Grape-sugar  also  pos- 
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sesses  the  property  of  dcxtro-rotation,  but  less  powerfully 
than  cane-sugar  ;  moreover,  the  former  variety  does  not,  like 
cane-sugar,  suffer  inversion  of  the  direction  of  rotation  on  the 
addition  of  hydrochloric  acid  to  its  solution — an  operation  that 
furnishes  data  for  ascertaining  the  amounts  of  cane-  and  of 
grape-sugar,  or  of  crystallizable  and  non-crystallizable  sugar, 
present  in  a  mixture.  In  using  the  polariscope-saccharometer 
it  is  convenient  to  employ  tubes  of  uniform  size  and  always  to 
operate  at  the  same  temperature.  Various  modes  are  adopted 
of  applying,  for  the  purposes  of  quantitative  analysis,  the  ac- 
tion of  syrup  on  polarized  light. 


ALCOHOL. 

Mulder's  process  for  the  determination  of  the  amount  of 
alcohol  in  wines,  beer,  tinctures,  and  other  alcoholic  liquids 
containing  vegetable  matter  is  as  follows : — Take  the  specific 
gravity  and  temperature  of  the  liquid,  and  measure  off  a  certain 
quantity  (100  cubic  centimetres);  evaporate  to  one  half  or  less, 
avoiding  ebullition  in  order  that  particles  of  the  material  may 
not  be  carried  away  by  the  steam.  Dilute  with  water  to  the 
original  bulk,  and  take  the  specific  gravity  at  the  same  tempe- 
rature as  before.  Of  the  figures  representing  this  latter  spe- 
cific gravity,  all  over  1.000  show  to  what  extent  dissolved  solid 
matter  affected  the  original  specific  gravity  of  the  liquid.  Thus, 
the  specific  gravity  of  a  sample  of  wine  at  15°. 5  C.  is  0.9951  ; 
evaporated  till  all  alcohol  is  i-emoved  and  diluted  with  water  to 
the  original  bulk,  the  specific  gravity  at  15°. 5  C.  is  1.0081  ; 
0.0081  represents  the  gravitating  effect  of  dissolved  solid  mat- 
ter in  0.9951  parts  of  original  wine.  0.0081  subtracted  from 
0.9951  leaves  0.987,  which  is  the  specific  gravity  of  the  water 
and  alcohol  of  the  wine.  Or  divide  the  sp.  gr.  of  the  wine  by 
the  sp.  gr.  of  the  wine  minus  alcohol,  carrying  out  the  sum  to 
four  places  of  decimals ;  the  quotient  shows  the  sp.  gr.  of  the 
water  and  alcohol  only  of  the  wine.  On  referring  to  a  Table 
of  the  strengths  of  diluted  alcohol  of  different  specific  gravi- 
ties (p.  659),  0.987  at  15°. 5  C.  is  found  to  indicate  a  spirit 
containing  8  per  cent,  of  real  alcohol.  Mulder's  process  is  that 
adopted  officially  (U.  S.  P.)  for  ascertaining  the  strength  of 
white  wine  (  Vinmn  AUmm')  and  red  wine  (  Viiiiim  Ritbruin). 
If  the  foregoing  operation  be  conducted  in  a  retort,  the  liquid 
being  boiled  and  the  steam  carefully  condensed,  the  distillate, 
diluted  with  water  to  the  original  bulk  of  wine  operated  on, 
will  still  more  accurately  represent  the  amount  of  water  and 
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alcoliol  ill  the  wine,  its  specific  gravity  showing  the  percentage 
of  real  alcoliol  present. 

DIALYSIS. 

Dialysis  (from  dta,  dia,  through,  and  Xixrtq^  Iim'tf,  a  loosing 
or  resolving)  is  a  term  applied  by  Graham  to  a  process  of" 
analysis  by  diffusion  through  a  septum.  The  apparatus  used 
in  the  process  is  called  a  dialt/zcr,  and  is  constructed  and  em- 
ployed in  the  following  manner.  The  most  convenient  septum 
is  the  commercial  article  known  as  ]:>arch7nent-j)aper,  iriade  by 
immersing  unsized  paper  for  a  short  time  in  sulphui-ic  acid  ;  it 
is  sold  by  most  dealers  in  chemical  apparatus.  A  piece  of  this 
material  is  stretched  over  a  gutta-percha  hoop  and  secured  by 
a  second  external  hoop.  Dialyzers  of  useful  size  are  one  or 
two  inches  deep  and  five  to  ten  inches  wide.  Liquids  to  be 
dialyzed  are  poured  into  the  dialyzer,  which  is  then  floated  in  a 
flat  dish  containing  distilled  water.  The  portion  passing 
through  the  septum  is  termed  the  diffnsate ;  the  portion  which 
does  not  pass  through  is  termed  the  dialymfe. 

The  practical  value  of  dialysis  depends  upon  the  fact  that 
certain  substances  will  diffuse  through  a  given  septum  far  more 
readily  than  others.  Uncrystallizable  bodies  diffuse  very  slowly. 
Of  such  matters  as  starch,  gum,  albumen,  and  gelatin,  the  last 
named  is  perhaps  least  diffusive  ;  hence  substances  of  this  class 
are  termed  colloids,  or  bodies  like  collin,  which  is  the  soluble 
form  of  gelatin.  Substances  which  diffuse  rapidly  are  most 
crystalline  ;  hence  bodies  of  this  class  are  termed  crystulluids. 

Solution  of  two  parts  of  the  following-named  substances  in 
100  parts  of  distilled  water  were  dialyzed  by  Graham  for 
twenty-four  hours.  The  amounts  of  each  substance  which 
passed  through  the  septum  bore  the  following  relations  to  one 


another : — 

Chloride  of  sodium   1000 

Ammonium   847 

Theine   TOS 

Salicin   503 

Cane-sugar   472 

Amygdalin   311 

Extract  of  logwood   1G8 

Catechu   159 

Extract  of  cochineal   51 

Gallo-tannic  acid   30 

Extract  of  litmus   19 

Purified  caramel   5 
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Ten  per  cent,  solutions,  under  similar  circumstances,  gave 


the  following  results  : — 

Gum-arabic   4 

Starch-sugar   266 

Cane-sugar   214 

Glycerin   440 

Alcohol   476 

Chloride  of  sodium   1000 


D'mhjzed  iron,  an  aqueous  solution  of  about  5  per  cent,  of 
highly  basic  oxychloride  of  iron,  is  obtained  by  saturating  solu- 
tion of  perchloride  of  iron  with  ferric  hydrate,  by  adding  am- 
monia, or,  better,  carbonate  of  sodium,  and  shaking  vigorously 
until  the  precipitated  hydrate  ceases  to  redissolve,  filtering  if 
necessary,  placing  on  a  dialyzer  floating  in  distilled  water,  and 
displacing  the  fluid  in  the  dish  by  water  daily  for  a  week  or 
two,  or  until  the  diffusate  gives  no  reaction  with  nitrate  of 
silver.  The  crystalloids  (chloride  of  sodium  or  other  salt)  pass 
through  the  dialyzer ;  the  colloid  fluid  which  does  not  pass 
through  the  dialyzer  is  the  highly  basic  oxychloride  of  iron,  or 
so-called  "  dialyzed  iron"  or  "  dialytic  iron."  This  fluid  has 
very  little  taste  of  iron.  Its  value  as  a  medicine  has  been 
questioned,  its  non-diftusibility  suggesting  that  it  never  pas.ses 
out  of  the  intestinal  canal,  and  therefore  never  gets  into  the 
blood.  It  is  sometimes  prepared  by  dissolving  in  solution  of 
ferric  chloride  as  much  ferric  hydrate  as  it  will  take  up,  with 
frequent  shaking,  during  three  or  four  weeks. 

The  phenomena  of  dialysis  show  that  crystalloids  are  superior 
to  colloids  in  affinity  for  water.  If  a  solution  of  chloride  of 
sodium  be  placed  at  the  bottom  of  a  jar  and  covered  by  a  hot 
solution  of  gelatin  of  sufficient  strength  to  solidify  on  cooling, 
the  chloride  of  sodium  will  diff"use  up  into  the  solid  jelly,  be- 
cause the  water  of  the  solid  jelly  has  a  greater  affinity  for  the 
salt  than  it  has  for  the  gelatin.  The  solid  jelly  may  obviously 
be  reduced  in  thickness,  and  saline  liquids  placed  above  it ; 
indeed  the  conditions  would  then  be  still  more  favorable  for 
diff'usion.  Replace  the  stratum  of  jelly  by  a  permanent  colloid, 
such  as  parchment-paper ;  the  result  is  the  same,  hut  the  per- 
manent character  of  the  septum  admits  of  its  practical  applica- 
tion. 

Further  researches  on  dialysis  will  probably  thi-ow  much 
light  on  several  important  points  in  connection  with  physiolog- 
ical chemistry  ;  for  there  is  little  doubt  that  alimentary  matter 
passes  through  the  cell-walls  of  animals  and  plants  by  this 
process. 
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QUESTIONS  AND  EXERCISES. 

1055.  Carbonate  of  potassium  is  said  to  lose  16  ]ier  cent,  of  water 
on  exposure  to  a  red  heat ;  give  tiie  details  of  maiiijjulation  observed 
in  verifying  this  statement. 

105(3.  Write  a  few  paragraphs  descriptive  of  the  process  of  ulti- 
mate organic  analysis. 

1057.  In  what  forms  are  carbon,  hydrogen,  and  nitrogen  weighed 
in  quantitative  analysis? 

1058.  In  the  combustion  of  .41  of  a  gramme  of  sugar,  what  weights 
of  products  will  be  obtained?  Aiis.  .632  of  carbonic  acid  gas  (COj) 
and  .237  of  water  (II.,0). 

1059.  How  is  cinchona  assayed  for  mixed  alkaloids? 

1060.  On  what  facts  does  De  Vrij  found  his  method  for  the  separa- 
tion and  quantitative  determination  of  all  the  cinchona  alkaloids  ? 

1061.  Describe  De  A^rij's  process  for  the  assay  of  commercial  sul- 
phate of  quinine. 

1062.  Give  the  official  method  for  the  estimation  of  morphine  in 
opium. 

1063.  Mention  the  operation  necessary  for  the  estimation  of  the 
proportion  of  sugar  in  saccharated  carbonate  of  iron  or  in  a  speci- 
men of  diabetic  urine. 

1(J64.  What  is  understood  by  Saccliarimetry  ? 

1065.  Give  two  processes  for  the  estimation  of  the  percentage  of 
alcohol  in  tinctures,  wines,  or  beer. 

1066.  Define  dialysis. 


Conclusion. 

Detailed  instructions  for  the  quantitative  analysis  of  potable 
water,  articles  of  food,  general  technical  products,  special 
minerals,  soils,  manures,  air,  illuminating  agents  (including 
solid  fats,  oils,  spirits,  petroleum,  and  gas),  dyes,  and  tanning- 
materials  would  scarcely  be  in  place  in  this  volume. 

The  course  through  which  the  reader  has  been  conducted 
will,  it  is  hoped,  have  taught  the  principles  of  the  science  of 
Chemistry,  and  given  special  knowledge  concerning  the  appli- 
cations of  that  science  to  medicine  and  pharmacy,  as  well  as 
have  imparted  sufficient  manipulative  skill  to  meet  the  require- 
ments of  manufacture  or  analysis.  The  author  would  venture 
to  suggest  that  this  knowledge  be  utilized,  not  only  in  the  way 
of  personal  advantage,  but  in  experimental  researches  on  chem- 
ical subjects  connected  with  therapeutics  and  pharmacy.  The 
discovery  and  publication  of  a  new  truth,  great  or  small,  is  the 
best  means  whereby  to  aid  in  advancing  the  calling  in  which 
we  may  be  engaged,  benefit  our  fellow-creatures  and  ourselves, 
and  contribute  to  that  "ultimate  end  of  knowledge"  which 
Bacon  defined  as  "  the  glory  of  the  Creator  and  the  endowment 
of  human  life." 
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TABLE  OF  TESTS  FOE  IMPURITIES  IN  PREPARATIONS 
OF  THE  UNITED  STATES  PHARMACOPCEIA* 


Name  of  Preparation. 


Acaciee  Gummi, 


Acidum  Aceticuiii,  ■{ 


Acid.  Acetic.  Gin-  ( 
dale, 


Acidum  Boricum, 


A  c  idnm     Benzo  i- 
cum. 


Acidum  Caiholi- 
cum, 

Acidum  Chromi- 
cum. 


Impurities. 


Starch. 

Copper,  Lead,  or  Tin. 

Iron. 

Calcium. 

Other  mineral  matter. 

Empyreumatic  sub-  J 
stances.  1 

Organic  matter. 
Nitric  Acid. 

Sulphuric  Acid. 
Ilydrochloiic  Acid. 

Sulphurous  Acid.  | 

Sulphurous  Acid. 

Sulphuric  Acid. 

Hydrochloric  Acid. 

Lead,    Copper,  Iron, 

etc. 
Calcium. 
Sodium  Salts. 
Chlorobenzoic  Acid. 

Cinnaraic  Acid. 

Other  organic  matter. 

Crcasotc  and  Crcsylic 
Acid. 

More  than  trace  of  Sul- 
phuric Acid. 


Tests. 


Iodine. 

Sulphuretted  Hydrogen 
Excess  of  Ammonia. 
Oxalate  of  Ammonium. 
Evaporation  and  ignition. 
Color  and  odor  with  Pot- 
ash. 

Reduction  by  Permanga 
nate  of  Potassium. 

Sulphuric  Acid. 

Sulphuric  Acid  and  Sul- 
phate of  Iron. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Nascent  Hydrogen. 

Nitrate  of  Silver. 

Nascent  Hydrogen,  or  Ni- 
trate of  Silver. 

Chloride  or  Nitrate  of  Ba- 
rium. 

Nitrate  of  Silver  and  Ni- 
tric Acid. 
Sulphide  of  Ammonium. 

Oxalate  of  Ammonium. 
In  flame  on  Pt.  wire. 
Cupric  Oxide  and  flame- 
test. 

Permanganate  of  Potas- 
sium and  water. 

Odor ;  warm  Sulphuric 
Acid. 

Glycerin,    and  dilution, 

oxidation,  etc. 
Chloride  of  Barium. 


♦The  mnnipiilation.'!  necessary  to  be  observed  in  testing  for  impurities  will  be 
found  dcscrilwd  in  the  paragraphs  treatln(;  of  those  substances.  Tlie  Table  also 
includes  references  to  ])rocesses  for  ascertaining  deficiency  in  strength  of  olliciul 
articles. 

Tbe  other  characters  and  tests  of  pharniacopd'ial  clieniicnl  compounds  bave  been 
given  iu  connection  with  the  respective  synthetical  and  analytical  reactions. 

54  637 


638 


APPENDIX. 

Table  of  Tests — Continued. 


Name  of  Preparation. 


Acidiim  Citn'cum,  ■{ 


Aci'dnm  Gallicmn, 

Acidnm  Hydrobro- 
mic.  Dilut., 


Acidnm  Hydro- 
chloric.um, 


Acid.  Hydrocyan- 
icum,  Dil., 


Acidum  Lacticum,  \ 


Acidxim  Nitricum, 


Acidum  Oleicum, 


Acidum  Phosphor- 


Irapurities. 


Tartaric    and  0.\alie 

Acids. 
Tartaric  Acid. 
Lead  or  Copper. 
Sulphuric  Acid. 

Mineral  matter. 
Tannic  Acid. 

Sulphuric  Acid. 

Sulphuric  Acid. 

Sulphurous  Acid. 
Arsenic. 

Lead,  Iron,  or  Copper. 

Fiee  Chlorine. 
Sulphuric  Acid. 

Hydrochloric  Acid. 

Hydrochloric  Acid. 
Sulphuric  Acid. 

Sarcolactic  Acid. 
Lead  or  Iron. 

Sugars. 
Glycerin. 

Other  organic  matter. 
Iron  or  Lead. 

Copper. 

Mineral  matter. 

Arsenic  Acid. 

Sulphuric  Acid. 

Hydrochloric  Acid. 
Free  'Iodine. 
Iodic  Acid. 

Palmitic  and  Stearic 
Acids. 

Fixed  Oils. 
Phosphorous  Acid. 

Ar.<!enic  Acid. 


Tests. 


Acetate  of  Potassium  and 
Alcohol. 

Bichromate  of  Potassium. 

Sulphuretted  Hydrogen. 

Chloride  or  Nitrate  of  Ba- 
rium. 

Incineration. 

Gelatin,  Alkaloidal  Salts, 
Tartiuated  Ant'ny,  etc. 
Chloride    or   Kitrate  of 

Barium. 
Chloride    or   Nitrate  of 

Barium. 
Nascent  Hydrogen. 
Sulphuretted  Hydrogen; 

Copper. 
Sulphydrate    of  Ammo- 
nium. 
Iodide  of  Potassium. 
Chloride    or   Nitrate  of 

Barium. 
Ppt.  by  Nitrate  of  Silver; 

insol.  in  Nitric  Acid. 
Nitrate  of  Silver. 
Chloride    or  Nitrate  of 

Barium. 
Sulphate  of  Copper. 
Ammonia    and  Sulphy- 
drate of  Ammonium. 
Potiissio-cupric  Tartrate. 
Hydrate  of  Zinc  and  Ab 

solute  Alcohol. 
Cold  Sulphuric  Acid. 
Ammonia    and  Sulphy 

di'ate  of  Ammonium. 
Excess  of  Ammonia. 
Evaporation   and  gentle 

ignition. 
Excess    of    Potash,  boil 

with  Zinc. 
Chloride   or  Nitrate  of 

Barium. 
Nitrate  of  Silver. 
Mucilage  of  Starch. 
Starch  and  Sulphuretted 

Hydrogen. 
Saponification,  Acetic 
Acid,  and  Acetate  of 
Lead. 
Alcohol. 

Nitrate  of  Silver;  Mercu- 
ric Cliloride. 
Sulphuretted  Hydrogen. 
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Table  of  Tksts — Continved. 


Name  of  Preparation. 

Impurities. 

Tests, 

Page. 

Acidiim  Phosphor- 
iciim, 

Aciilmn     Salicy?- J 

Aclthim  Sii/plniri- 
cum, 

Acldmn  Siiljilmro- 
Aviduin  Tannicvm, 

Acidum      Titrtar-  , 
icuni, 

Adeps, 
yElJiei; 

yEther  Acctlcua, 
uEiher  Fortior, 

Alcohol, 

Nitric  Acid. 

Sulphuric  Acid. 

Hydrochloric  Acid. 

Pyro-  or  Meta-phos- 

plioric  Acid. 
Hydrochloric  Acid. 

Organic    matter  and 

Iron. 
Organic  matter. 
Carbolic  Acid. 

Lead. 

Nitric  Acid. 

Hydrochloric  Acid. 
Lead,  Arsenic,  or  Cop- 
per. 
Iron. 

Mineral  matter. 
.Arsenious  or  Sulphur- 
ous Acid. 
Much  Sulphuric  Acid. 

Mineral  matter. 
Lead  or  Copper. 
Iron. 

Sulphuric  Acid. 
Mineral  matter  (more 

than  trace). 
Alkalies. 
Starch  (flour). 
Chloride  (of  Sodium). 
Exces.s  of  water. 
Mineral  matter. 

Mineral  matter. 
Acetic  Acid. 
Water. 
Aleoliol. 
Acid. 

E.xcess  of  water  and 

Alcohol. 
Fusel  Oil. 
Amylifl  Alcohol. 
M(!iliyl  Alcohol.  "j 
Aldehyd    and   Oak  > 

Tnnnin.  J 

Sulphuric  Acid  and  Fer- 
rous Sulphate. 

Chloride  or  Nitrate  of 
Barium. 

Nitrate  of  Silver  and  Ni- 
tric Acid. 

Tincture  of  Chloride  of 
Iron,  Albumen. 

Nitrate  of  Silver  and  Ni- 
tric Acid. 

Crystallization  from  Alco- 
hol (white). 

Cold  Sulphuric  Acid. 

Chlorate  of  Potassium, 
Hydrochloric  Acid,  and 
Ammonia. 

Alcohol. 

Solution  of  Ferrous  Sul- 
phate. 
Sulphate  of  Silver. 
Sulphuretted  Hydrogen. 

B.fcess  of  Ammonia. 
Incineration. 
Nascent  Hydrogen. 

Chloride  of  Barium. 

Incineration. 
Sulphuretted  Hydrogen. 
Ammonia    and  Sulphy- 

drate  of  Ammonium. 
Chloride  of  Barium. 
Incineration. 

Litmus. 
Iodine. 

Nitrate  of  Silver. 
Drying  on  water-bath. 
Evaporation.     (See  also 

yEther  Fortior.) 
Evaporation. 
Test  pajiers. 
Specific  gravity. 
Boiling-point. 
Test-papers. 

Agitation  with  Glyceiin; 

boiling-point. 
Water  and  (ilyccrin. 
Sulphuric  Acid. 

Solution  of  Potash. 

286 
307 
264 
347 
264 

334 

451 
211 

286 
265 
218 

157 
100 
171 

307 

100 
218 

151 
307 
100 

94 
271 
264 
610 

100 
100 

94 
436 
436 

94 

434 
429 
430 

430 
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Table  of  Tests— Oonlinued. 


Name  of  Preparation, 


Alcohol, 

Alcohol  Ahsolu- 
tiim, 


Alumen, 

Aluminii  Hi/dras,  ■ 

Aliiiniiii!  Sitlphan, 
Aiiiinoiiii  Beiizoaa, 


Aiiimonii  Bromi- 
dnin. 


Ammonii  Carho- 
naa. 


Ammonii  Chlori- 

iilUll, 


A  minojiii  lodiclum, 


Impurities. 


Methyl  Alcohol. 

Fixed  reslduoor  resin. 
Water. 

Ammonia  Alum. 
Zinc  or  Lead. 

More  than   trace  of 

Iron. 
Iron. 

Sulphuric  Acid. 

Zinc  or  Lead. 

Alkaline  Salts  (more 

than  trace). 
Iron. 

Fixed  Salts. 

Bromate  (of  Ammo- 
nium). 

Iodide  (of  Ammo- 
nium). 

Sulphate  (of  Ammo- 
nium). 

More  than  3  per  cent, 
of  Chloride. 

Sulphate  (of  Ammo- 
nium). 

Chloride  (of  Ammo- 
nium). 

Metals. 

Eiiipyreumatic  sub- 
stances. 
Barium. 
Metals. 


Sulphate  (of  Ammo- 
nium). 
Iron. 

Sulphate  (of  Ammo- 
nium). 

Chloiide  and  Bromide 
(excessive). 


Tests. 


Iron. 


Carbonate  of  Lead  and 

Permanganate. 
Evaporation. 

Sulphate  of  Copper  (an- 
hydrous). 

Potash  or  Soda. 

Sulphydrato  of  Ammo- 
nium in  alkaline  filtrate. 

Ferrocyanide  of  Potas- 
sium. 

Ferrocyanide  of  Potas- 
sium. 

Chloride  or  Nitrate  of 
Barium. 

Sulphydrate  of  Ammo- 
nium. 

Solution  in  water  and 
evaporation. 

Ferrocyanide  of  Potas- 
sium. 

Incineration.     (See  also 

Acidum  Benitoicum.) 
Diluted  Sulphuric  Acid. 

Chlorine- water  and  muci- 
lage of  Starch. 

Chloride  or  Nitrate  of 
Barium. 

Quantitative  Analysis. 

Chloride    or   Nitrate  of 

Barium. 
Nitrate  of  Silver. 

Sulphuretted  Hydrogen. 

Excess  of  Sulphuric  Acid 
and  Permanganate. 

Sulphuric  Acid. 

Sulphuretted  Hydrogen  or 
Sulphydrate  of  Ammo- 
nium, 

Nitrate  of  Barium. 

Ferrocyanide  of  Potas- 
sium. 

Chloride    or   Nitrate  of 

Barium. 
Amuionincal  solution,  Ni- 
trate of  Silver,  and  Ni- 
tric Acid  ;  and  Quantita- 
tive Analysis. 
Ferrocyanide  of  Potas- 
sium. 


Page. 
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Name  of  Preparation 


Ammoiiii  lodiditm, 
Ammonii  Nitras,  ■ 


Ammonii  Phos- 
plinii, 


Ammonii  Sulphas, 

Awtnonii  Videri- 
aiias. 

Amtjl  Niti-as, 

Aiitiiiioiiii   et  Po- 
tasRii  Tartrna, 


Aiilimonii  Oxi- 
diiiii, 

AiiliiiKinii  ffii/plii- 
U II III  P III- if., 

Antimoniiim    Sid-  f 
phiiratnin, 

AqiKi, 


Aijiia  Ammoniue, 


Aqua  Anrautii 
Floriim, 


Impurities. 


Free  Iodine. 

Sulphate  (of  Ammo- 
nium), 

Chloride  (of  Ammo- 
nium). 

Metals. 

Sulphate  (of  Ammo- 
nium). 

Chloride  (of  Ammo- 
nium). 

Lend  or  Iron. 

Chloride  (of  Ammo- 
nium). 

Acetate  (of  Ammo- 
nium). 

Sulphate  (of  Ammo- 
nium). 

Chloride  (of  Ammo- 
nium). 

Excess  of  free  acid. 

Sulphate  (of  Potas- 
sium). 

Chloride  (of  Potas- 
sium). 

Iron  and  other  metals. 

Calcium. 
Arsenic. 

Same  as  Ant.  et  Pot. 

Tai  t.,  17.  I'. 
Metallic  Sulphides. 

Arsenic. 

Sulphate  (of  Sodium). 

Metallic  impurities. 

Organic  matter. 

Empyreumatic  sub- 
stances. 

Carbonate. 
Sulphate. 

Chloride. 

Metals. 

Calcium. 

Metals  (Pb,  Cu,  Sn). 


Tests. 


Page. 


Mucilage  of  Starch. 
Chloride   or  Nitrate  of 

Barium. 
Nitrate  of  Silver. 

Sulphuretted  Hydrogen  or 
Sulphide  of  Ammonium.  218 

Chloride  or  Nitrate  of 
Barium. 

Nitrate  of  Silver. 

Sulphide  of  Ammonium. 
Nitrate  of  Silver. 

Ferric  Chloride. 

Nitrate   or   Chloride  of 

Barium. 
Nitrate  of  Silver. 

Quantitative  Analysis. 
Chloride  of  Barium. 

Nitrate  of  Silver. 

Perrocyanide  of  Potas- 
sium and  Acetic  Acid. 

Oxalate  of  Ammonium. 

Nascent  Hydrogen  and 
Nitrate  of  Silver. 


Ignition  with  Nitrate  of 
Soda. 

Amraonio-nitrato  of  Sil- 
ver. 

Chloride    or  Nitrate  of 

Barium. 
Sulphydrate    of  Ammo-! 

nium. 

Permanganate  of  Potas- 
sium. 

Neutralization  with  Sul- 
phuric Acid  and  ndor; 
also  Permangauato. 

Lime-water. 

Chloride    or  Nitrate  of 

Barium. 
Nitrate  of  Silver. 
Sulphuretted  Hydrogen. 
Oxalate  of  Ammonium. 

Sulphuretted  Hydrogen. 
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Table  of  Tests — Continued. 


Name  of  Preparation. 


^9110  Destillata, 


Argeuti  lodidum, 

A  rr/enti  Nitraa,  | 

Argcnti  Oxidum, 
Atropina, 
Atropime  Stilphaa, 
Auvi  el  Sodii  O/ilo-  ) 
ridum,  J 
Atirntn, 

Balaamum  Periwi-  ( 


Denzinum, 


Bismnthi  Citras, 

Biamuth.    et  Am- 
man. Cit., 


BiamvtM  Snhcar- 
boiiaa, 


Biamuilii  Subni- 
traa, 

Bromum, 


Impurities. 


Metals. 


Sulphuric  radical. 

Hydrochloric  radical. 
Calcium. 

Ammonia  or  its  salts. 


Organic  matter. 
Chloride  (of  Silver). 

Metallic  impurities. 

Carbonate. 
Mineral  matter. 
Mineral  matter. 

Free  Acid. 

Copper  or  Silver. 
Volatile  Oil. 
(iurjun  Balsam. 
Heavy  Hydrocarbons. 

Pyrogenous  prod- 
ucts and  Sulphur 
compounds. 

Benzol. 

Nitrate. 

Nitrate. 

Insoluble  salts. 

Lead. 

Copper. 

Silver. 

Sulphate. 

Chloride. 

Alkalies    and    a  Ik. 

earths. 
Ammonia. 

Antimony,  Arsenic, 

Tin. 
Arsenic. 

Carbonate. 

Insoluble  foreign  salts. 
Chlorine  (e.\cess). 


Tests. 


Sulphuretted  Hydrogen  or 
Sulpbydrate  of  Ammo 
nium. 

Chloride  or  Nitrate  of 
Barium. 

Nitrate  of  Silver. 

Oxalate  of  Ammonium. 

Mercuric  Chloride  and 
Carbonate  of  Potassium, 
or  Nesslcr's  Ecagent. 

Permanganate  of  Potas- 
sium. 

Boil  with  Carbonate  of 
Ammonium,  and  add 
Nitric  Acid. 

H  j'drocliloric  Acid  and 
evaporation. 

Acid  (Hydrochloric). 

Incineration. 

Incineration. 

Ammonia  fumes. 

Nitric  Acid. 
Distillation  with  water. 
Bisulphide  of  Carbon. 
Evaporation  at  low  temp., 
and  odor. 

Spirit  of  Ammonia  and 
Nitrate  of  Silver. 

Sulphuric  and  Nitric 
Acids. 

Sulphuric  Acid  and  Fer- 
rous Sulphate. 
Sulphuric  Acid  and  Fer- 
rous Sulphate. 
Dilute  Nitric  Acid. 
Sulphuric  Acid. 
E.xcess  of  Ammonia, 
llydroeliloric  Acid. 
Chloride  of  Barium. 
Nitrate  of  Silver. 
Evaporation  after  remov- 
ing Bismuth. 
Fumes  with  Acetic  Acid. 
Sulphuretted  Hydrogen, 
etc. 

Nascent    Hj'drogen  and 

Nitrate  of  Silver. 
Nitric  Acid. 
Nitric  .'Vcid. 

Ammonia  and  Carbonate 
of  Barium. 
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Table  of  Tests— Continued. 


Name  of  Preparation. 


Sromnni, 
Caffeina, 


Calcii  Bromidum,  - 


Calcii  Oarbonas 
Priecip., 


Calcii  Chloridum,  - 


Cftlcii  Hjjioplios- 
pli  is, 


Calcii  Phoephaa 
Prsecip., 

Calx, 
Camhojiaj 


Carlo  Animalia 
Ptirijicnlm, 

Cnrboiiei  Biaid- 
phidnm, 


Cera   Alba,  Cera 
Flava, 


Cerii  Oxalas, 


Impurities. 


Iodine. 

Mineral  matter. 

Broraate. 

Iodide. 

Sulphate. 

Chloride. 


Magnesium. 

Magnesium. 

Aluminium,  Iron,  or 
Phosphate  of  Cal- 
cium. 

Aluminium,  Iron,  etc. 
Sulphate  (of  Calcium). 

Magnesium  (more 

than  trace). 
Insoluble  Calcium 

Salts. 
Soluble  Phosphate. 
Sulphate. 

Magnesium. 
Carbonate    (of  Cal- 
cium). 
Aluminium. 
Excess  of  Carbonate. 
Silica,. 
Starch. 

Bark,  Sand,  etc. 

Earthy  Salts. 

Phosphate    (of  Cal- 
cium). 
Sulphurous  Acid. 
Sulphuretted  Hydro- 
gen. 
Soap. 

Fats,  .Japan  Wax, 

Resin. 
Paraflin. 

Didymium. 
Aluminium. 

Zinc. 

Carbonate  (of  Cerium). 
Metallic  impurities. 


Tests. 


Gelatinized  Starch. 

Incineration. 

Sulphuric  Acid. 

Chlorine  and  mucilage  of 
Starch. 

Nitrate  or  Chloride  of 
Barium. 

Nitrate  of  Silver,  Carbo- 
nate of  Ammonia,  and 
Nitric  Acid. 

Phosphate  of  Sodium. 

Phosphate  of  Sodium. 

Ammonic  Hydrate. 

Ammonio  Hydrate. 
Chloride    or    Niti-ate  of 

Barium. 
Phosphate  of  Sodium. 

Solution  in  water. 

Acetate  of  Lead. 
Chloride    or   Nitrate  of 

Barium. 
Phosphate  of  Sodium. 
Solution  in  Acids. 

Boiling  Caustic  Potash." 
Nitric  Acid. 
Nitric  Acid. 
Iodine. 

Microscope  after  exhaus- 
tion with  Spt.  and  water. 

Incineration  with  Mercu- 
ric Oxide. 

Ammonia  and  Sulphate  of 
Magnesium. 

Litmus-paper. 

Acetate  of  Lead. 

Hydrochloric  Acid. 
Soda   and  Hydrochloric 
Acid. 

Sulphuric  Acid  and  dilu- 
tion. 
Incineration. 

Boiling  in  Caustic  Potash, 
Chloride  of  Ammonium. 

Caustic  Potash  and  Sul- 
))liido  of  Ammonium. 

Hydrochloric  Acid. 

Sulphuretted  Hydrogen. 
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Table  of  Tests — Continued. 


Name  of  Preparation. 


Oetacenm, 
Chiiioidinum, 


Chloral, 


Impurities. 


Chloroform II in  Pii- 
rijicatuiii, 


Chloro/urmnm  Ve- 
nule, 

Chrijsarohiiinm, 


Ci'iichonidims  Sul- 
phas, ' 


Cinchoniiia, 

Coccus, 
Cudeiiia, 

Copaiba, 


Creasotum, 


Greta.  PriKjjarata, 


Ciipri  Aaetas, 


Soft.  Fats. 
Alkaloidal  Salts. 
Mineral  matter. 
Acids. 

liydrocliloric  Acid. 
Mineral  matter. 
Other  organic  impur- 
ity. 

Alcoholate   (of  Chlo- 
ral). 

Alooliolate  (of  Chlo- 
ral). 

Alcoliolate   (of  Chlo- 
ral). 
Acids. 
Chloi'ides. 
Free  Chlorine. 
Aldchyd. 

Hydrocarbons,  etc. 
Chlorides. 

Much  Hydrocarbons 
etc. 

Non-volatile  matter. 
Mineral  matter. 
More  than  traces  of 

Quinine  or  Quini- 

dine. 
Organic  impurity. 
Sulphate   of  Cincho- 

nine. 

Quinine  or  Quinidine 

(much ). 
Organic  impurity. 
Insoluble  matter. 
Morphine. 
Fixed  Oils. 

Turpentine. 
Gurjun  Balsam. 
Carbolic  Acid. 
Carbolic  Acid. 
Carbolic  Acid. 
Carbolic  Acid. 

Barium  or  Strontium. 

Magnesium. 

Iron. 

Lead  or  Iron. 

Alkalies    or  alkaline 
earths. 


Tests. 


Page. 


Melting-point. 
Alkali  to  hot  solution. 
Incineration. 
Litmus. 

Nitrate  of  Silver. 
Incineration. 
Sulphuric  Acid. 

Chloroform. 

Boiling-point  (above  97°). 
Formation  of  Iodoform. 
Litmus. 

Nitrate  of  Silver. 
Iodide  of  Potassium. 
Solution  of  Potash. 
Sulphuric  Acid;  odor  on 

evaporation. 
Nitrate  of  Silver. 
Sulphuric  Acid. 

Evaporation. 
Incineration. 

Fluorescence  of  solution. 

Sulphuric  Acid. 
Quantitative  Analysis. 

Fluorescence. 

Sulphuric  Acid. 
Solution  in  cold  water. 
Nitric  Acid. 

Evaporation  of  volatile 
oil. 

Odor  when  heated. 
Oxidation. 
Albumen. 
Ferric  Chloride. 
Glycerin. 

Dextro -rotation  of  polar- 
ized ray. 

Sulphate  of  Calcium. 

Phosphate  of  Sodium. 

Ferrocyauide  of  Potas- 
sium. 

Sul|)huretted  Hydrogen  in 
alkaiino  solution. 

Evaporation  after  remov- 
ing Copper. 
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Table  of  Tests — Continued. 


Nume  of  Preparation. 


Cupri  Sulphas, 

Elaterinum, 

Fel  Bovia  Pur!Ji- 
catum, 

Ferri  Carhonaa 
Saccharatus, 


Ferri  Chloridum, 


Ferri  Oltraa, 

Ferri  et  Aniinonii 

Gilraa, 
Ferri  et  Ammonii 

Sulphas, 
Ferri  et  Ammonii 

Tartras, 

Ferri  et  Quiiiinie 
Citras, 

Ferri  et  Slri/chni-  | 
vie  Citrus,  I 

Ferri  '  Hypophoa- 
phis, 

Ferri    I  o  di  d  u  m 
Saccharatum, 

Ferri  Lactas,  | 

Ferri  Sulphas,  | 
Ferrum  Reductum, 


Olt/ceriuum, 


Impurities. 


Foreign  metals. 

Alkaloids. 

Mucus,  crude  Bile. 

Sulphate. 

General. 

Zinc  or  Copper. 

Alkalies. 

Nitric  Acid. 

Ferrous  Salt. 

Oxychloride. 

Fixed  Alkalies. 

Fixed  Alkalies. 

Aluminium. 

Fixed  Alkalies. 

Fixed  Alkalies. 

Ammonium  Citrate. 
Fixed  Alkalies. 

Ferric  Phosphate. 

Calcium. 

Salts  of  Alkalies. 

Free  Iodine. 
Sulphate,  Citrate,  Tar- 
trate, etc. 
Copper,  Ferric  Salt. 

Less  than  80  per  cent. 
Cane-sugar. 
Sugar.s  and  Dextrin. 
Sugars. 
Metallic  Salts. 
Acrylic  Acid. 
Hydrochloric  Acid. 
Suljjhurio  Acid. 

Oxalic  Acid. 
Iron  Suits. 


Tests. 


Evaporation  after  remov- 
ing Cop])cr. 

Tannic  Acid;  Salts  of 
Platinum  or  Mercury. 

Incomplete  solubility  in 
spirit. 

Chloride  or  Nitrate  of 
Barium. 

Quantitative  Analysis. 

Ammonia,  then  Sulphu- 
retted Hydrogen. 

Evaporation  and  Inciner- 
ation after  adding  Am- 
monia. 

Sulphate  of  Iron  ivnd  Sul- 
phuric Acid. 

Ferrocyanide  of  Potas- 
sium. 

Boiling  with  water  (insol- 
uble). 

Litmus  to  residue  on  in- 
cineration. 

Litmus  to  residue  on  in- 
cineration. 

Potassic  Hydrate,  then 
Chloride  of  Ammonium. 

Litmus  to  residue  on  in- 
cineration. 

Litmus  to  residue  on  in- 
cineration. 

Heating  with  Potash. 

Litmus  to  residue  on  in- 
cineration. 

Solubility  in  Acetic  Acid. 

Oxalate  of  Ammonium. 

Incineration  and  digestion 
with  water. 

Mucilage  of  Starch. 

Acetate  of  Lead. 

Sulphuretted  Hydrogen  | 
solution.  I 

Quantitative  Analysis. 

Sulphuric  Acid. 

Ignition  on  sand-bath. 

Potassio-eupric  Tartrate. 

Ignition. 

Nitrate  of  Silver. 

Nitrate  of  Silver. 

Chloiido  or  Nitrate  of 
Barium. 

Chloride  of  Calcium. 

Su]])hido  of  Ammonium. 
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Name  of  Preparation. 


Olycerimim, 
Gossypium, 
Ilifdiarcjyri  Chlor.  ( 
Corros.,  \ 

Hijdrargyri  Ohio 
Mite, 


J. 


Hydrargyri    Cya-  j 

II  id  am,  I 
Hyilnirgyri   lodi-  f 

dnm  Riihvum,  \ 
Ilydrargyri   lodi-  j 

duiii  Viride,  \ 
Hyilrargyri     Oxi-  ( 

dnm  Hnbnim,  \ 
Hydi-ni-gyri    Sub-  ( 

mdphaa  Flavus, 


Hydrnrgyri     Siil-  . 
phidam  Rtibnnn, 


Hydrargyrum, 

Hydrargyrnm  Am-  | 
vioniatum,  j 

I 

flynsryamiiiie  Sid-  j 
pints,  I 
Ichthyoculla, 

lodo/ormum. 


luditin, 

LimoniD  Siivctis, 
Liiiiim, 


Liq.  Ammonii  Acc- 
tatis, 


Impurities. 


Calcium  Salts. 
Acids  or  Alkalies. 

Arsenic. 

Mercuric  Chloride. 
Fi.xed  soluble  impuri- 
ties. 

Ammoniated  Mercury. 

Mercuric  Chloride. 

Chloride  or  soluble 

Iodide. 
Mercuric  Iodide. 

Mercuric  Nitrate. 
Mercurous  Salt. 

Arsenic,  Antimony. 

Chromates,  Iodides, 
or  foreign  Sul- 
phides. 

O.xide  of  Mercury  or 
Lead. 

Foreign  metals. 
Mercurous  Salt. 

Carbonate. 
Lead. 

Mineral  matter. 

Gelatin. 

Alkali. 

Iodide. 

Mineral  matter. 
Moisture. 

Chloride  of  Iodine. 
Cyanide  of  Iodine. 

Chlorine  or  Bromine. 
Deficiency'    of  Citric 

Acid. 
Foreign  Acids. 
Deficiency  of  Oil. 


Metals. 

Empyreumatic 
stances. 


sub- 


Tests. 


Oxalate  of  Ammonium. 
Litmus. 

Nascent  Hydrogen. 

Sulphuretted  Hydrogen. 
Residue   on  evaporating 

aqueous  solution. 
Potiish. 

Iodide  of  Potassium. 
Nitrate  of  Silver. 

Solution  in  Alcohol  and 
evaporation. 

Strong  heat. 

Solubility  in  Hydrochloric 
Acid. 

Digestion  with  Potash  and 

addition  of  11  CI. 
•Acetate  of  Lead  to  Potash 

solution. 

Digest  with  diluted  HNOa : 
pass  Sulphuretted  Hy- 
drogen. 

Hy])osiilphite  of  Sodium. 

Solubility  in  Hydrochloric 
Acid. 

Hydrochloric  Acid. 

Sulphuric  Acid  to  acetic 
solution. 

Incineration. 

Solubility  iu  water. 
Litmus. 

Nitrate  of  Silver. 
Incineration. 
Solubility  in  Chloroform. 
Solubility  in  water. 
Formation    of  Prussian 

Blue. 
Nitrate  of  Silver. 
Sp.  gravity  and  Quantita- 
tive Analysis. 
General  Analysis. 
Extraction    with  Bisul- 
phide of  Carbon. 
Sulphuretted  Hydrogen  or 
Sulpliideof  .Amuionium. 
Odor   when    warmed,  or 
Permanganate  of  Pot- 
ash. 
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Name  of  Preparation. 


Liq.  Ammonii  Ace- 
talis, 

Liquor  Calcis, 


Liq.  Ferri  Aceta- 
tia, 


Liq.   Ferri  Chlo- 


ricli, 


Liq.  Ferri  Citratis, 

Liq.  Ferri  Suhsul- 
phatia, 


Liq.  Ferri  Tereiil- 
phalis, 

Liq.  Hydrartji/ri 
Nil  rat  ia, 

Liq.  Pepsi II i, 


Liquor  Potasace,  ■{ 


Liq.  Pntnasii  Ci- 
tratis, 


Jjiquor  Sodm, 


Liq.  Sodii  Silica- 
tia, 

Liq.  Ziuei  Chlo- 

rldi, 
Litliii  Penzona, 


Impurities. 


Fixed  saline  matter. 

Alkalies  and  alkaline 

Carbonates. 
Zinc  or  Copper. 

Fixed  Alkalies. 

Ferrous  Salt. 

Zinc  or  Copper. 

Fixed  Alkalies. 

Nitric  Acid. 

Ferrous  Salt. 

Oxychloride. 
Ammonium  Citrate. 
Nitric  Acid. 

Ferrous  Salts. 

Nitric  Acid. 

Ferrous  Salts. 

Mercurous  Salt. 
Mucus. 

Carbonate  (of  Potas- 
sium). 
Alkaline  earths. 

Sulphate. 

Chloride. 

(  Vide  Potassii  Citras.) 
Carbonate. 

Alkaline  earths. 

Sulphate. 

Chloride. 

Much  Alkali. 

(  Vide    Zinci  Chlori- 

dum.) 
Suits  of  Alkalies. 


Tests. 


Incineration. 

I'reoipitation  by  CO2;  test- 
papers. 

Excess  of  Ammonia  and 
Sulphuretted  Hydrogen. 

Excess  of  Ammonia,  and 
incineration. 

Ferricyanide  of  Potas- 
sium. 

Excess  of  Ammonia  and 
Sulphuretted  Hydrogen. 

Excess  of  Ammonia,  and 
incineration. 

Sulphuric  Acid  and  Fer- 
rous Sulphate. 

Ferricyanide  of  Potas- 
sium. 

Solubility  in  water. 

Potash. 

Sulphuric  Acid  and  Fer- 
rous Sulphate. 

Ferricyanide  of  Potas- 
sium. 

Sulphuric  Acid  and  Fer- 
rous Sulphate. 

Ferricyanide  of  Potas- 
sium. 

Hydrochloric  Acid. 

Ammoniacal  odor  on  keep- 
ing. 

Hydrochloric  or  Acetic 
Acid. 

Carbonate  of  Sodium  to 

neutral  solution. 
Chloride    or   Nitrate  of 

Barium. 
Nitrate  of  Silver. 


Hydrochloric    or  Acetic 
Acid. 

Carbonate  of  Sodium  to 

neutral  solution. 
Chloride    or   Nitrate  of 

Barium. 
Nitrate  of  Silver. 

Quantitative  Analysis. 


Alcohol  and  Ether. 
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Table  or  Tests— Continued. 


Name  of  Pi-eparation. 


Lithii  Beiizoaa, 


Litliii  Broiiiidum, 

Lithii  Carbonan, 
Lithii  Citras, 
Lithii  Salirylaa, 
Lupulinum, 

Lycopodinm, 


Magnesia, 
May  lies  ia  Poiide- 
rosa, 


Mngiieaii  Carho- 
nas. 


Magiiesii  Citras 
Grail., 


Magnenii  Sitl/jhas, 

Magnesii  Sulphis, 
Mangani  Sulphas, 
Manna, 

Mel, 


Impurities. 


Salts    of  alkaline 

earths. 
Metallic  Salts. 
Cinnamic  Acid,  etc. 

Salts  of  Alkalies. 
Salts    of  alkaline 

earths. 
Metallic  Salts. 

(  Vide  Lithii  Benzoas.) 

Sand,  etc. 
Pollen,  Starch. 

Sand,  or  more  than  5 

per  cent,  of  ash. 
Carbonate. 
Chloride. 
Sulphate. 
Calcium. 

Aluminium    or  Cal- 
cium. 
Metals. 

Sulphate. 
Chloride. 
Tartrate. 

Metallic  Salts. 


Alkaline  earths. 
Chloride. 

Alkaline  Sulphates. 

Sulphate  of  Magne- 
sium. 
Iron. 
Copper. 

Alkalies  or  Magnesia. 

Insoluble  matter. 

Deflcioney  of  Mannite. 

Chlorides. 

Sulphates. 

Starch. 

f 

Gllucosc,  etc. 


Tests. 


Oxalate  of  Ammonium. 

Sulphuretted  Hydrogen. 
(  Vide    Acidum  Benzoi- 

cum.) 
Alcohol  and  Ether. 
Oxalate  of  Ammonium. 

Sulphuretted  Hydrogen. 


Solubility  in  water. 
Microscopical  examina- 
tion. 
Incineration. 

Dilute  Sulphuric  Acid. 

Nitrate  of  Silver. 

Chloride  of  Barium. 

Oxalate  of  Ammonium  to 
acetic  solution. 

Carbonate  and  Chloride  of 
Ammonium. 

Sulphydrate  of  Ammo- 
nium and  AmnKmia. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Acetate  of  Potassium  and 
Acetic  Acid. 

Sulphuretted  Hydrogen  or 
Sulphide     of  Ammo 
nium. 

Carbonate,  Chloride,  and 
Hydrate  of  Ammonium 

Nitrate  of  Silver. 

Chloride  of  Barium,  after 
removing  Magnesia. 

Chloride  of  Barium. 

Tannic  Acid. 
Sulphuretted  Hydrogen, 
Ignition    after  removing 

Manganese. 
Digestion  with  Alcohol. 
Quantitative  Analysis. 
Nitrate  of  Silver. 
Chloride  of  Barium. 
Iodine. 

Mixture  with  water  and"] 
Alcohol.  [ 

Amount  of  ash  on  incin-  j 
eriition.  J 
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Name  of  Preparatiou 


Mfiipliina, 


Oleum  yEthcrenm, 

Oleum  Amygdala  \ 
Aiiiarie, 

Oleum  Ami/gdalie  j 
Ej^presaiiiii,  \ 

Oleum  Gttultheria:, 

Oleum  Lnvandulx  j 
Floruiii,  I 

Oleum  Olivsc, 

Oleum  Sinapia  f 
Volatile, 

Oleum  Theohroma,  ■ 


Olea  DeatHlata, 
Opium, 

Pepsinum  Saccha- 
ratum. 


Petrolatum, 


PhonphoruK, 

Phi/sostirjmiiiie  Sn-  J 
licylua,  I 

Picrotoxinum,  | 

Pilocarpinrc     ITy-  f 
drorhloraa,  | 
Piper  iua, 

Plumhi  Acctas, 
lumhi  Carbonaa, 


Impurities. 


Other  Alkaloids. 

Brucino,  Strychnine, 
etc. 

Mioeriil  matter. 
Acid  (Sulpho-vinie). 
Alcohol  or  Chloroform 
Nitrobenzol. 


Foreign  oils. 

Chloroform  or  Alcohol 
Oil  of  Sassafras. 

Alcohol. 

Foreign  oils. 

Bisulphide  of  Carbon. 

ParafiBn,  Wax,  j' 

Stearin,  Tallow,  etc. 

General. 

Deficiency    in  Mor 

pliine. 
Mucus. 

Fat  or  Kesin. 

Oils,  Fats,  or  Resin. 

Other  organic  impur- 
ities. 
Arsenic. 

Sulphur. 

Mineral  matter. 

Mineral  matter. 
Alkaloids. 


Mineral  matter. 

Mineral  matter. 
Zinc,  Alkalies,  or  alka- 
line earths. 
Copper. 
Zinc. 


Tests. 


Solubility  in  Sodio  Hy- 
drate. 

Sulphuric  Acid,  afterward 

Ijichromate. 
Incineration. 
Lituius. 

Distillation  at  80°  C. 

Nascent  Hydrogen,  and 
then  Chlorate  of  Potas- 
sium. 

Sulphuric  Acid. 

Distillation  at  80°  C. 
Nitric  Acid. 

Distillation  at  80°  C. 

General. 

Distillation  at  50°  C. 

Congelation-point  after 

melting. 
Melting-point  not  above 

15°  C. 

Solubility  in  Alcohol,  sp. 

gravity,  etc. 
Quantitative  Analysis. 

Turbidity  of  Hydrochloric 

Acid  solution. 
Odor  on  ignition. 
Sulphuric    Acid    to  its 

"  soap." 
Sulphuric  Acid. 

Hydrosulpburic   Acid  to 

its  Phosphoric  Acid. 
Chloride  of  Barium  to  its 
Phosphoric  Acid. 

Incineration. 

Incineration. 

Precipitated  by  Tannic 
Acid,  Platinum  Salts, 
etc. 

Incineration. 

Incineration. 

Precipitation  hy  SH'j,  and 
evaporation  of  filtrate. 

Excess  of  Ammonia. 

Sulphydrate  of  Ammo- 
nium after  removing 
Lend. 


55 


650 


APPENDIX. 

Table  op  Tests — Continued. 


Name  of  Preparation 


Plumhi  Carbonas,  ■ 

Pliimbi  lodidnm, 

Pliimbi  Nitfas, 
Plumbi  Oxidant, 

Potassa, 

Potasna  cum  Culce, 
Potassa  Sulphufata, 

Ptjtasnii  Acelas, 


Potcisuli  liicarbo- 
nas, 

Potaasii  Bichromas, 


Potaeaii  Bitartraa,  -I 


I'utassii  Broiiii- 
diim. 


Impurities. 


Calcium  (chalk). 

Sulphate  of  Barium  or 

Lead. 
Silicates. 

Alkaline  Salts. 

Chromate  (of  Lead). 

Zinc,  etc. 

Zinc,  etc. 

Copper. 
Carbonate. 
Zinc,  etc. 

Organic  matter. 

Chloride. 

Sulphate. 

Carbonate. 

Silica. 

Silica. 

Deficiency  of  Sulphide- 
Chloride. 
Sulphate. 
Silica. 

Metals. 

Alkaline  earths. 
Carbonate. 

Organic  impurities. 

Sulphate. 
Chloride. 
Carbonate. 

Sulphate. 
Sulphate. 
Chloride. 
Metals. 


More  than  6  per  cent, 
of  Tartrate  of  Cal- 
cium. 

Bromate. 

Iodide. 


Tests. 


Oxalate  of  Ammonium 
after  removing  Lead. 

Insolubility  in  Acetic  f 
Acid.  ( 

Insolubility  in  Acetic 
Acid. 

Evaporation  after  remov- 
ing Lead. 

Solubility  in  Chloride  of 
Ammonium. 

Evaporation  after  remov- 
ing Lead. 

Evaporation  after  remov- 
ing Lead. 

Excess  of  Ammonia. 

Dilute  Acids. 

Evaporation  after  remov- 
ing Lead. 

Color  of  solution,  and  Per- 
manganate of  Potash. 

Nitrate  of  Silver. 

Chloride  of  Barium. 

Effervescence  with  acids. 

Solubility  in  Alcohol. 

Solubility  in  Hydrochloric 
Acid. 

Sulphuretted  Hydrogen. 
Nitrate  of  Silver. 
Chloride  of  Barium. 
Evap'n  of  acid  solution, 

insolubility  of  residue. 
Sulphuretted  Hydrogen  or 

Sulphide  of  Ammonium. 
Carbonate  of  Sodium. 
Bflervescence  with  Acetic 

Acid. 

Sulphuric  Acid.  | 

Chloride  of  Barium. 
Nitrate  of  Silver. 
Chloride  of  Barium  in  the 
cold. 

Chloride  of  Barium. 
Chloride  of  Barium. 
Nitrate  of  Silver. 
Sulphuretted  Hydrogen  orl 
Sulphide  of  Ammonium. 

Quantitative  Analysis. 
11  » 

Sulphuric  Acid. 
Chlorine  and  mucilago  of 
Starch. 
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Table  op  Tksts — Continued. 


Name  of  Preparation. 


Potassii     TJcoHu'- 1 


dtiin, 


Potansii  Cui  bonna, 


Potassii  Chloral, 


Piilassii  Citras,  | 

Polanaii  Ci/aiihlum, 

Piiliissii   el   Sodii  J 
Tartras,  j 

Pofnssii   Fcri  ocy-  J 
a  II  id  urn,  ] 


Potaxsii       Hijpfi-  j 


Potagsii  lodidiim. 


Potassii  Niiras, 


Poliissii  Perman- 
yriiiris, 


Pntassii  Sii/pliaSf 
Polfissii  Siilphit, 


Iniinirlties. 


Sulphate. 

More  than  3  per  cent. 

of  Chloride. 
Silica,  etc. 


Alkaline  earths. 

Chloride. 

Sulphate. 

Sulphate. 

Chloride. 

Calcium. 

Carbonate. 

Sulphate. 

Chloride. 

Tartrate. 

Carbonate. 

Calcium. 

Sulphate. 

Chloride. 

Carbonate. 

Sulphate. 

Chloride. 

Carbonate. 

Sulphate. 

Phosphate. 

Calcium. 

lodate. 

Chloride  or  Bromide. 

Sulphate. 
Metals. 


Alkaline  earths. 
Sulphate. 

Chloride  (of  Sodium). 
Nitrate. 


Chloride. 
Sulphate. 

Alkaline  earths. 

Metals. 

Chloride. 
Sulphate. 


Tests. 


Chloride  of  Barium. 
Quantitative  Analysis. 

Insolubility  of  residue  on 
evaporation  of  acid 
solution. 

Carbonate  of  Sodium. 

Nitrate  of  Silver. 

Chloride  of  Barium. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

O.xalate  of  Ammonium. 

Effervescence  with  acids. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Acetic  Acid. 

Efiervescmce  with  Acids. 

Oxalate  of  Ammonium. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Etfervescenoe  with  Acids. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Efl'ervescence  with  Acids. 

Chloride  of  Barium. 

Magnesia  mixture. 

Oxalate  of  Ammonium. 

Mucilage  of  Starch  and 
Tartaric  Acid. 

Ammonia,  Nitrate  of  Sil- 
ver, and  Nitric  Acid. 

Chloride  of  Barium. 

Sulphuretted  Hydrogen  or 
Sulphide  of  Ammonium. 

Carbonate    of  Ammo-J 
nium.  j 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Suljihuric  Acid  and  Fer- 
rous Sulphate  to  decol- 
orized solution. 

Nitrate  of  Silver  to  decol- 
orized solution. 

Nitrate  of  Barium  after 
removing  Manganese 
by  Ammonia. 

Carhiinate  or  Phosphate 
of  Ammonium. 

Sulphuretted  Hydrogen  or 
Sulphide  of  Ammonium. 

Nitrate  of  Silver. 

Chloride  of  Barium. 
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Table  of  Tests — Continued. 


Name  of  Preparation. 


Potasaii  T<ii-tra8, 


Qninidhix  Sid- 
plias, 


Quinina^ 


Qiiininm  Bisul- 
phaa, 


Qiit'niiite  Hi/dro- 
briimus, 


Qiiiiiinie  Ili/dro- 
chturufi, 


Qaiiiinx  Suljihas, 

QiiiniiiK  Valeri- 
an as, 
li  Ileum, 

Saccliantm, 

Saccharuin     Lac-  | 

StiUclniim, 
Santoiiinuiii, 


Snpo, 


S(ipo  Viridis, 


Impurities. 


Calcium. 
Sulphate. 
Chloride. 

Organic  impurities. 
Morphine. 

Cinchonine,  Quinine, 
or  Cinchonidine. 

Organic  impurities. 

Cinchonine,  Cincho- 
nidine, or  Quini 
dine. 

Orgnnie  impurities. 

Free  water. 

Sulphates  of  Quini- "] 
dine,  Cinohoni-  | 
dine,  or  Cincho- 
nine. 

Organic  impurities. 
Free  water. 
Sulphate. 
Barium. 

Cinchonine,  etc. 
Organic  impurities. 
Barium. 
Sulphate. 

Organic  impurities. 
Ammonia  (Sulphate) 
Free  water. 
Cinchonine  Sulphate, 
etc. 

Organic  impurities. 
Sulphate. 
Turmeric. 
Insoluble  salts,  etc. 

Grape-Sugar    or  In- 
verted Sugar. 

Cane-Sugar. 

Mineral  matter. 
Mineral  matter. 
More  than  34  per  cent 

of  water. 
Animal  Fats. 

Carbonate  of  Sodium. 
Silica   and  insoluble 

matter. 
Metnls. 
More  than  4  per  cent. 

of  water. 
Free  Fats. 


Tests. 


Page. 


Oxalate  of  Ammonium. 
Chloride  of  Barium. 
Nitrate  of  Silver. 
Sulphuric  Acid. 
Nitric  Acid. 

Iodide  of  Potassium  and 

Aminonic  Hydrate. 
Sulphuric  Acid. 

Sulphate  of  Ammonium 
and  Ammonia. 

Sulphuric  Acid. 

Drying  upon  water-bath. 

Ammonia,  as  for  Quinine. 

vSulphuric  Acid. 
D lying  upon  water-bath. 
Chloride  of  Barium. 
Sulphuric  Acid. 
Ammonia,  as  for  Quinine. 
Sulphuric  Acid. 
Sulphuric  Acid. 
Chloride  of  Barium. 
Sulphuric  Acid. 
Boiling  with  milk  of  lime. 
Drying  on  water-bath. 
Ammonium  Hydrate. 

Sulphuric  Acid. 

Chloride  of  Barium. 

Boracie  Acid. 

Aqueous  or  alcoholic  solu- 
tion on  standing. 

Nitrate  of  Silver  and  Am- 
monic  Hydrate. 

Sulphuric  Acid. 

Incineration. 
Incineration. 
Drying  at  110°  C. 

Gelatinization   of  4  per 
cent,  alcoholic  solution. 
Solubilitj'  in  alcohol. 
Solubility  in  water. 

Sulphuretted  Hydrogen. 
Drying  at  100°"C. 

Digestion  of  dried  soap  in 
Benzol. 
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Table  of  Tests— Omtinued. 


Name  of  Preparation. 


Siipo  Vli'iiiis, 

Seiimmoiiiiiiii, 
Scaiiiinuii  a  liesiiia, 

Suda, 


Impuritios. 


Soda  Acetas, 


Soda  Ayaeiiitm, 


Siidii  Beiizoni, 


Soda  Bicurbonae,  ■ 


Soda  Bimi/phia, 


Sodii  Jioran, 


Soda  Bri)7nidnm, 


Sodii  CnrhoufiH. 


Insoluble  Carbonates. 

Starch. 

Chalk. 
Starch. 

Resin  of  Giiaiacum. 

Resin  of  Jalnp. 
Organic  matter. 

Chloride. 

Sulphate. 

Carbonate. 

Silica  or  Carbonate. 

Chloride. 

Sulph  ate. 

Silicii. 

Metals. 

Alkaline  earths. 
Carbonate. 

Organic  impurities. 

Arsenite. 

Excess  or  defieiency 
of  water  of  crys- 
tallization. 

(  Vide  Acidum  Benzoi 
cum.) 

Chloride. 

Sulphate. 

Ammonium  Salts. 

Carbonate. 


Sulphate. 

Carbonate. 

Chloride. 

Sulphate. 

Alkaline  earths. 

Metals. 

liroiiiato. 

Iodide. 

Sulphate. 

More  than    per  cent. 

of  f'hloride. 
Chloride. 


Tests. 


Dilute  Acids  to  residue 
from  alcohol  and  water. 

Iodine  to  residue  from 
alcohol  and  water. 

Effervescence  with  Acids. 

Iodine. 

Inner  surface  of  potato- 
paring. 

Insolubility  in  Ether. 

Color  of  aqueous  solution  : 
Sulphuric  Acid. 

Nitrate  of  Silver. 

Chloride  of  Barium. 

Etferveseence  with  Acids. 

Solubility  in  Alcohol. 

Nitrate  of  Silver. 

Chloride  of  Barium. 

Insolubility  of  residue  on 
evaporating  acid  solu- 
tion. 

Sulphuretted  Ilydi'ogen  or 
Sulphide  of  Ammonium. 
Carbonate  of  Sodium. 
Eflervesoence  with  Acids. 

Sulphuric  Acid.  | 

Sulphuretted  Hydrogen 
water. 

Quantitative  Analysis. 


Nitr.ntc  of  Silver. 
Chloride  of  Barium. 
Boiling  with  solution  of 
Soda. 

Chloride  of  Barium  in  ^ 
the  cold,  and  Quanti-  > 
tative  Analj'sis.  J 

Chloride  of  Barium. 

Etl'ervcacenco  with  Acids. 

Nitrate  of  Silver. 

Chloride  of  Barium. 

Carbonate  of  Sodium. 

llydrosulphuric  Acid. 

Sulphuric  y\cid. 

Chlorine-water  and  muci- 
lage of  Starch. 

Chloride  of  Barium. 

Quantitative  Analysis. 


Nitrate  of  Silver. 
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Table  of  Tests — Continued. 


Name  of  Preparation. 


Sudii  Carhouas. 


Sudil  Chloriis, 


Sodii  Chlon'dum, 


Sodii  Hi/pnphoB- 
in, 


Sodl!  JJ/jposul- 
pliis, 


Sodii  lodidum, 


Sodii  Nitras, 


Sodii  Plioaplias, 


Sodii  Pi/rophos- 
phas, 


^odii  SalicylaH, 
Sodii  S<iiit(i>iiiii(ii, 


Ijnpurities. 


Sulphate. 

Metals. 

Alumina. 

Potassiura. 

Calcium. 

Chloride. 

Sulphate. 

Metals. 

Alkaline  earths. 
Sulphate. 

Iodide  or  Bromide. 


Calcium. 

Potassium. 

Carbonate. 

Sulphate. 

Phosphate. 

Sulphate. 

Carbonate. 

lodate. 

Sulphate. 

Chloride  or  Bromide. 
Metals. 

Alkaline  earths. 

Potassium. 

Sulphate. 

Chloride. 

Iodide. 

Carbonate. 
Sulphate. 
Chloride. 
Metals. 

Carbonate. 
Sulphate. 
Chloride. 
Metals. 

Carbonate. 

Sulphate. 

Chloride. 

Orgnnie  impurities. 
Alkaline  earths. 
Alk.aloids. 


Tests. 


Chloride  of  Barium. 

Hydrosulphuric  Acid. 

Ammonia  and  Chloride  of 
Ammonium. 

Bitartrate  of  Sodium. 

Oxalate  of  Ammonium. 

Nitrate  of  Silver. 

Chloride  of  Barium. 

Ilydrosulphuric  Acid  or 
Sulphide  of  Ammonium. 

Carbonate  of  Sodium. 

Chloride  of  Barium. 

Chlorine-water  and  Starch 
to  residue  on  evaporat- 
ing alcoholic  solution. 

Oxalate  of  Ammonium. 

Bitartrate  of  Sodium. 

EfTervcfccnce  with  Acids. 

Chloride  of  Barium. 

Ammonia  and  Suljihate  of 
Magnesium. 

Chloride  of  Barium. 

Effervescence  with  Acids. 

Mucilage  of  Starch  and 
Tartaric  Acid. 

Chloride  of  Barium. 

Ammonia,  Nitrate  of  Sil- 
ver, and  Nitric  Acid. 

Sulphuretted  Hydrogen  or 
Sulphide  of  Ammonium. 

Carbonate  of  Ammonium. 

Bitartrate  of  Sodium. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Chlorine-water  and  Muci- 
lage of  Starch. 

EflTervescence  with  Acids. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Sulphuretted  Hydrogen  or 
Sulphide  of  Ammonium. 

Efiervescence  with  Acids. 

Chloride  of  Barium. 

Nitrate  of  Silver. 

Sulphuretted  Hydrogen  or 
Sulphide  of  Ammonium. 

Efiervescence  with  Acids. 

Chloride  of  Barium. 

filtrate  of  Silver. 

Suliihuric  Acid. 

Carbonate  of  Sodijim, 

Precipitate  with  Tanpic 
or  Picric  Acid. 
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Table  of  Tests — Continued. 


Name  of  Preparation. 


Sodii  Sulphan, 


Soda  SitJphh, 
Sodii  Siilphocar- 
bolaa, 

Spiritiis  ^theria 
Nilroai, 


Spiritua  Ammonix, 


Spiritua  Frumeuti, 


Splrtius  Villi  Gal-  j 
lici,  1 


Stn/chniiia, 
Sniphuria      ludi-  j 
dum,  { 

Sulphur  Latum, 


Sulphur  PrKcipi- 
tatum, 


Impurities. 


Carbonate. 

Clilorido. 

Metals. 

Animoniura  Sulphate. 
Sulphate. 

Sulphate. 

Deficiency  of  Nitrite 

of  Ethyl. 
Free  Acid. 

General. 

Empyreuraatic  sub- 
stances. 


Carbonate. 

Sulphate. 

Chloride. 

Calcium. 

Metals. 

Fusel  Oil. 

More  than  .25  per  cent. 

of  solids. 
Sugar,    Glycerin,  or 

spices. 
Excess  of  Acid. 
]  Deficiency  in  alcohol. 
iFusel  Oil. 
lAmyl  Alcohol. 
Methyl   Alcohol,  Al 
dehyd,  or  Oak  Tan 
nin. 

Methyl  Alcohol. 

Brucine. 

Mineral  matter. 

Free  Acid. 
Arsenious  Sulphide. 

Arsenious  Acid. 
Free  Acid. 


Sulphate  of  Calcium. 

Alkalies. 
Alkaline  earths. 

Arsenious  Sulphide. 
Arsenious  Acid. 


Tests. 


EfFervesoenco  with  Acids 
Nitrate  of  Silver. 
Hydrosulphuric  Acid  or 
Sulphide  of  Ammonium. 
Boiling  with  Soda. 
Chloride  of  Barium. 

Chloride  of  Barium. 

Quantitative  Analysis. 

Effervescence  with  Bicar- 
bonate of  Sodium. 
Specific  gravity. 
Neutralization  with  Sul- 
phuric Acid  and  odor, 
and  Permanganate  of 
Potassium. 
Effervescence  with  Acids. 
Chloride  of  Barium. 
Nitrate  of  Silver. 
O.xalate  of  Ammonium. 
Sulphuretted  Hydrogen  or 
Sulphide  of  Ammonium. 
Odor  on  evaporation. 
Drying  at  100°  C. 

Characters  of  solids  on 

evaporation. 
Quantitative  Analysis. 
Specific  gravity. 
Odor  on  evaporation. 
Sulphuric  Acid. 
Solution  of  Potassa. 


Permanganate  of  Potas- 
sium. 
Nitric  Acid. 

Incineration. 

Litmus. 

Wash    with  Ammonia: 

evaporate  to  dryness. 
Hydrosulphuric  Acid. 
Litmus. 

Chloride  of  Barium. 
Carbonate  of  Ammonium 

anil  Ammonia. 
Solubility  in  water. 
Solution  in  Hydrochloric 

Acid,  and  evaporation. 
Ammonic  Hydrate. 
Hydrosulphuric  Acid. 
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.  Table  of  Tests — Continued. 


Name  of  Preparation. 


Sulphur  Siihlima-  J 
luni,  1 

Si/nipiis  Acidi  Hy-  \ 
driodivi,  I 

SyruptiH  F  ei-  r  i  \ 
1}  null  id  i,  1 

Synipim  JPcrri  lo-  \ 
didi,  \ 

Tama  riiidiiH, 

Thymol, 


Thictnra  Ferri 


Acet., 


Tinclnra  Ferri 
Ohloridi, 


Veralrina, 
Vimtni  Album, 


Vinnm  Album 
Fortius, 


Viiium  Rubrum, 


Zinci  Acetas, 


Ziiici  Broiiiidit 


Impurities. 


oiiiiitiim, 


Earthy  matter. 

F ree  loJine. 
Sulphuric  Aoid. 
IJydrochloriu  Acid. 

Free  Biomine. 

Free  Iodine. 

Traces  of  Copper. 
Carbolic  Acid. 

Zinc  and  Copper. 

Fixed  Allialies. 

Ferrous  Salt. 

Zinc  or  Copper. 

i'i.xed  Alkalies. 

Nitric  Acid. 

Ferrous  Salt. 

O.X3'ohloride. 

Mineral  matter. 

Tannic  Acid. 

Excess  or  deficiency  of 

Alcohol. 
Excess  or  deficiency  of 

Acid. 

Excess  or  deficiency  of 

Alcohol. 
E.xcess  or  deficiency  of 

Alcohol. 
Excess  or  deficiency  of 

Acid. 
Aniline  colors. 


Lead  or  Copper. 
Iron,  Aluminium,  or 

alkaline  earths. 
Salts   of  AlUnlies  or 

alkaline  earths. 

Lead  or  Copper. 
Iron,  Aluminium,  or 
alkaline  earths.  [ 


Tests. 


Incineration. 

Mucilage  of  Starch. 
Chloride  of  Barium. 
Nitrate  of  Silver  and  Am- 
monia. 

Mucilage  of  Starch. 

Mucilage  of  Starch. 
Iron. 

Ferric  Chloride  to  satura- 
ted aqueous  solution. 

Mydrosulphurio  Acid,  af- 
ter removing  Iron. 

Evaporation  and  ignition, 
after  removing  Iron. 

Ferricyanide  of  Potas- 
sium. 

Ilydrosulphuric  Anid,  af- 
ter removing  Iron. 

Evaporation  and  ignition, 
after  removing  Iron. 

Sulphuric  Acid  and  Fer- 
rous Sulphate. 

Ferricyanide  of  Potas- 
sium. 

Dilution  with  water,  and 

boiling. 
Incineration. 
Ferric  Chloride. 
Quantitative  Analysis. 

Quantitative  Analysis. 

Quantitative  Analysis. 

Quantitative  Analysis. 

Quantitative  Analysis. 

Ammonia,  Ether:  evap- 
oration of  ethereal  solu- 
tion in  contact  with  silk. 

Ilydrosulphuric  Acid. 

Carbonate  of  Ammonium 
in  excess. 

Removal  of  Zinc:  evap- 
oration and  ignition  of 
filtrate. 

Hydrosulphuric  Acid. 

Carbonate  of  Ammonium 
in  execs.''. 
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Table  of  Tests— Conllnved. 


Name  of  Preparation. 


Ziiici  Bromidnm, 

Zinci  Carbonas 
Prteci'pitatus, 


Zinci  Chloridnm,  - 


Zinei  lodidiim, 
Zinci  Oxidnm, 
Zinci  Phosphidum, 

Zinci  Sulphas, 


Zinci  Valerictnas, 
Zincum, 


Iiiipuiilics. 


Alkalies    or  alkaline 

earths. 
Lead  or  Copper. 
Iron,  Aluminium,  or 

alkaline  earths. 
Salts  of  Alkalies  or 

alkaline  ctirths. 
Basic  Chloride. 

Lead  or  Copper. 
Iron,  etc. 

Alkalies    or  alkaline 

eiirths. 
Same   as   other  Zinc 

Salts. 
Lead  tor  Copper. 
Chloride. 

Same   as   other  Zinc 
Salts. 

Alkalies    or  alkaline 

earths. 
Butyrate  of  Zinc. 
I  Arsenic. 

'Lead,  Iron,  or  Copper. 


Tests. 


Evii])oration  and  ignition, 
after  removing  Zinc. 

Hj'drosulphuric  Acid. 

Carbonate  of  Ammonium 
in  excess. 

Evaporation  and  ignition, 
alter  removing  Zinc. 

Alcohol  to  aqueous  solu- 
tion. 

Ilydrosulphuric  Acid. 
Carbonate  of  Ammonium 

in  excess. 
Evaporation  and  ignition, 

after  removing  Zinc. 


Hydrosulphuric  Acid. 
Nitrate  of  Silver. 


Evaporation  and  ignilion, 
after  removing  Zinc. 

Acetate  of  Copper. 

Nascent  Hydrogen  and 
Nitrate  of  Silver. 

Excess  of  Ammonia. 
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The  Proportion  hij  WeujiU  of  Abaolate  or  Uaal  Alcohol  rCjTIjlIO)  in 
100  Parts  of  Spirits  of  Different  Specific  Gravities  (Foioiies). 


Pei'- 

1 

Per- 

Per- 

Sp. gr.  nt  Bl)° 

coiitugo 

Sp.  gr.  at  G0° 

CCUtllgti 

Sp.  gr.  at  60° 

centage 

(13°. 5  C). 

of  real 

of"  real 

(ir,o,5  c.). 

of  real 

alcohol. 

alcohol. 

alcohol. 

0.9991 

0.5 

0.9511 

34 

0.8769 

68 

0.9981 

1 

0.9490 

35 

0.8745 

69 

0.9965 

2 

0.9470 

36 

0.8721 

...  70 

0.9947 

3 

0.9452 

,.,  37 

0.8696 

...  71 

0.9930 

4 

0.9434 

38 

0.8672 

...  72 

0.9416 

39 

0.8649 

.,  73 

0.9898 

6 

0.9396 

40 

0.8625 

74 

0.9884 

7 

0.9376 

41 

0.8603 

...  75 

0.9869 

8 

0.9356 

,  42 

0.8581 

...  76 

0.9855 

9 

0.9335 

43 

0.8557 

77 

0.9841 

10 

0.9314 

44 

0.8533 

,  78 

0.9828 

,  11 

0.9292  ,., 

...  45 

0.8508 

79 

0.9815 

12 

0.9270 

46 

0.8483  , 

80 

0.9802 

43 

0.9249 

...  47 

0.8459 

81 

0.9789 

14 

0.9228 

48 

0.8434 

82 

0.9778 

15 

0.9206 

,,  49 

0.8408 

83 

0.9766 

16 

0.9184    ,  , 

.,  50 

0.8382 

84 

0.9753 

17 

0.9160  ... 

..  51 

0.8357 

85 

0.9741 

18 

0.9135 

52 

0.8331 

86 

0.9728 

19 

0.9113  ... 

...  53 

0.8305 

,  87 

0.9716 

20 

0.9090 

54 

0.8279 

88 

0.9704 

21 

0.9069 

55 

0.8254 

89 

0.9691 

22 

0.9047 

56 

0.8228 

90 

0.9678 

23 

0.9025 

...  57 

0.8199 

91 

0.9665 

24 

0.901)1 

58 

0.8172 

92 

0.9652 

,  25 

0.8979 

59 

0.8145 

93 

0.9638 

26 

0.8956 

60 

0.8118 

94 

0.9623 

27 

0.8932 

61 

0.8089  ... 

...  95 

0.9609 

28 

0.8908 

.,,  62 

0.8061 

96 

0.9593 

29 

0.8886    . . , 

63 

0.8031  . 

,.,  97 

0.9578 

30 

0.8863 

64 

0.8001 

98 

0.9560 

31 

0.8840 

65 

0.7969 

99 

0.9544 

32 

0.8816 

.,  66 

0.7938 

100 

0.9528 

33 

0.8793 

67 
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THE  ELEMENTS. 
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Aluminium  (Al./') 
Antimony  (Sb'") 
Arsenicum  (As'") 
Barium 

Beryllium  (Glucinum) 
Bismuth  (Bi'")  . 
Boron 

Bromine  s"'^) 
Cadmium 
Caesium 
Calcium 
Carbon  (C") 
Cerium  (Ce'")  ('■*• 
Chlorine  ^'"^ 
Chromium  (Crj'^') 
Cobalt  (Co") 
Copper 
Davyum  ? 
Decipium  ? 

Didymium  ('as.MendoIejefr^) 

Erbium  ?  ("'■  J'<^ni'^"y--'a  ) 
Fluorine 
Gallium 

Glucinum.    See  Beryllium. 
Gold  (Au')  . 
Hydrogen 
Ilmenium  ?  . 

Indium  ("^t,  MenacI<^ieff^) 

Iodine  Q'^-^^'-  «"'^) 
Iridium 

Iron  (Fe"  &  Fe/') 
Lanthanum  ("s.  Mendeiejefr-j 

Lavoisium  ? 
Lead  ("Pb") 
Lithium  C  '>°*-  s'"») 
Magnesium 

Manganese  (Mn"  &  Mn'^) 

Mercury 

Molybdenum 

Mosandrum. 

Neptunium  . 


Symbols  and  atomic 

Atomic 

Sb^ 

74-  Q 

Ba" 

Be" 

q 

Bi^' 

B'" 

Br^ 

TO.S 

Cd'" 

111.8 

Cs' 

132.6 

Ca" 

40 

C'^ 

12 

Ce'^' 

141 

CP 

35.4 

Cr^^ 

52.4 

Co^i 

58.9 

Cu" 

63.2 

J^p 

D" 

144.6 

Eb" 

165.9 

19 

Ga'^ 

68.8 

Au"i 

196.2 

1 

Iiv 

56.7 

•  -L 

126.6 

T,.TV 

La" 

138.5 

Pb'^ 

206.5 

L' 

7 

Mg" 

24 

l^In^' 

54 

.  Hg" 

199.7 

Mo" 

95.5 

Np^ 
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Nickel  (Ni") 

Niobium  .... 
Nitrogen  (N'  &  N'")  ("■»»'•'.  sm^^, 
Norwegium. 
Osiiiiuiu 

Oxygen  ('•^•'*«'  ^'»^) 
Palladium  . 
Philippium  ? 
Phospliorus  (P'") 

Platinum  (<»'-88,  Audre»s>) 

Pota.ssium  (^ao'.stas) 
Rhodium 
Rubidium 
Ruthenium 
Scandium. 

Selenium  or  Selenion 
Silicon 

Silver  (>''■•'■'«■  s'--'^)  . 
Sodium  (2^"^'  «'»^)  . 
Strontium 
Sulphur  (S"  &  S'^) 
Tantalum 
Telluriuna  . 
Terbium  ?  . 
Thallium  (^«^.  c-"kcs) 

Thorinum  or  Thorium 
Tin  (Sn")  . 
Titanium 
Tungsten 

Uralium  ('s^.vs,  cuj^nrd 
Uranium  C^'".  Me„.iciejeflr>j 
Vanadium  . 
Ytterbium  ? 
Yttrium  (""■  "'='"'«i'^J'-"f  ) 
Zinc  . 
Zirconium  , 


Tlie  cpianfivnlence  or  a 
varial)le:  in  the  above 


Symbols  nnd  atomic 

Atiimic 

•           X 'I  I 

0-1- 

14 

•  yj 

1 

X  u 

1  nil  Y 

Pn" 
rp 

P^ 

31 

Pt'^ 

194.4 

lOd  1 

X  \J'±.  X 

Rb' 

»             J.  I  LI 

J.  U*X,-J 

•  oe 

'78  8 

^0 

1  07  Y 

J.L/  (  .  4 

•  lid 

^0 

ft7  4. 

avr 

0^ 

TnV 
•               ±  cl 

•            J-  v; 

X  -iO 

Tb" 

rppu 

203.7 

Til" 

.  on 

X  1  <  .  t 

rr-iv 

•  -Li 

48 

•  vv 

X  00. u 

TTVI 

51.3 

Yb 

172.7 

Y" 

89.8 

Zn" 

•  64.9 

Zi'^ 

90 

oniic  value  of  some  elements  is,  a])i)arcntly, 
fable  the  full  coellicienls  are  given  in  the 
ci)lnnin  of  synilwls,  other  nomnioti  vahies  in  parentheses. 
Almnir.  weighln  are  sometimes  obscurely  termed  equivalmls, 
56 
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Abies  balmmea,  481. 

caiiaflemiti,  481. 

ezcelsa,  478. 
Ahrus  precalorhtR,  421. 
Al)sinthiiim,  472. 
Absinthol,  472. 
Absolute  alcohol,  428,  525. 
Abstracts,  517. 
Acacia  catechu,  355. 
Acacia  suma,  355. 
Acacice  gummi,  112. 

impurities  in,  637. 
Acetate  of  ammonium,  solution  of, 
91. 

amyl,  446. 

copper,  189. 

ethyl,  296,  436. 

iron,  147. 

lead,  207. 

morphine,  380. 

potassium,  68. 

sodium,  82. 

zinc,  131. 
Acetates,  294. 

analytical  reactions  of,  297. 

decomposition  of  aqueous  so- 
lution of,  29o. 

volumetric  estimation  of,  566. 
Acetic  acid,  295,  468. 

ether,  297,  436. 

glacial,  296,  526. 

volumetric  estimation  of  free, 
566. 
Acetone,  297. 

Acetonitrate  of  barium,  124. 

of  iron,  154. 
Acetum,  295. 

canlharidis,  295. 

colchici,  295. 

lobelice,  295. 

oj)ii,  295. 

Ham/ninariw,  295. 

scillw,  295. 


Acetyl,  295. 

Acid,  acetic,  295,  468,  637. 
glacial,  296,  526. 
aconitic,  322. 
acrylic,  454. 
amyric,  480. 
anemonic,  332. 
angelic,  471. 
arabic,  407. 
arachidic,  468. 
arsenic,  165. 
arsenious,  164. 
benzoic,  332,  472,  637. 
benzol-disulphonic,  450. 
boracic,  330,  637. 
bromic,  293. 
butyric,  360,  468. 
caniphoretic,  476. 
camphoric,  476. 
cantharidic.  477. 
caproic,  468. 
caprylic,  468. 
carbazotic,  450. 
carbolic,  449,  525,  637. 
carbolic,  impure,  449. 
carbonic,  30,  309. 
carminic,  334. 
catechu  ic,  355. 
cathartic,  417. 
catliartogenic,  418. 
cerotic,  468. 
cetraric,  334. 
cliavicic,  398. 
chelidonic,  394. 
chloric,  289,  291. 
cholalic,  464. 
cliromic,  235,  037. 
clirysammic,  452. 
clirysopbanic,  335. 
(,'iiniamic,  334,  482. 
citric,  320,  (538. 
colopholic,  478. 
colophouic,  478. 
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Acid,  copaivic,  480. 
cornie,  335. 
cresotic,  451. 
cresylic,  449,  451. 
cryptophanic,  504. 
cuniinic,  472. 
cyanic,  335. 
dextroracemic,  317. 
dextrotartaric,  317. 
dithionic,  343. 
equisitic,  322. 
erucic,  467. 
ethyl-sulpliuric,  433. 
eugenic,  472. 
ierulaic,  481. 
filicic,  467. 
fluoric,  339. 
formic,  335,  468 
gallic,  336,  356,  638. 
gam  bogie,  481. 
gaultheric,  446. 
gelseminic,  396. 
gentianic,  420. 
gentisic,  420. 
glacial  acetic,  296,  526. 
guaiaconic,  421. 
guaiaretic,  421. 
guaiaretinic,  421. 
gumniic,  407. 
liemidesmic,  336. 
hippuric,  336,  508,  511. 
liydriodic,  2G9. 
liydrobromic,  265,  565,  638. 
hydrocliloric,  29,  262,  638. 

common,  262. 

dilute,  262. 
hydrocyanic,  275,  278,  638. 

dilute,  277. 
hydroferridcyanic,  338. 
hydroferrocyanic,  337. 
liydrofluoric,  339. 
hydrosulj)huric,  298. 
hypoelilorous,  289. 
hypojjliosphoric,  349. 
hypopliosphorous,  340. 
hyposulphurous,  342. 
iodic,  293. 
jalapic,  422. 
iactic,  344,  565,  638. 
la2voracemic,  317. 
Ifevotartaric,  317. 
larixinic,  356. 
lauric,  468. 
lithic,  358. 


Acid,  hipulinic,  481. 
malic,  345. 
masticliic,  479. 
meconic,  346,  498. 
melissic,  468. 
metaboracic,  330. 
metagunimic,  407. 
metantimonic,  178. 
metapliosphoric,  346. 
metastannic,  239. 
mimotannic,  355. 
nuicic,  415. 
muriatic,  262. 
niyristic,  468. 
myrrhic,  482, 
naplithalic,  333. 
nitric,  284,  286,  638. 

dilute,  284. 
nitrolivdrochloric,  183,  285. 

dihite,  285. 
nitromuriatic,  285. 
nitrous,  347. 
cen  ant  hylic,  468. 
oleic,  468,  638. 
ophelic,  348. 
opianic,  380. 
orthophosphoric,  348. 
oxalic,  313. 

chemicall}'  pure,  313. 
palmitic,  468. 
l^aratartaric,  317. 
jjarietinic,  335. 
pelargonic,  468. 
jjentath  ionic,  343. 
perchloric,  291. 
phenic,  449. 
pliosphomolybdic,  501. 
phosphoric,  2o,  326,  348,  638. 

dilute,  326. 

glacial,  327. 
phosphorous,  348. 
phthalic,  333. 
jjicric,  450. 
pimaric,  478. 
pinic,  478. 
Ijiperic,  398. 
propionic,  468. 
prussic,  275. 
pyrogallic,  357. 
pyrol  igneous,  294. 
pyropliosphoric,  349. 
racemic,  317. 
rheic,  335. 
rhubarbaric,  335. 
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Acid,  riitic,  4G8. 
sat'c'luiric,  415. 
salicylif,  440,  451,  639. 
salicvloiis,  44G. 
santonic,  423. 
sarcolactic,  345. 
sclerotic,  478. 
sderotinic,  478. 
silicic,  351. 
stannic,  239. 
stearic,  465,  468. 
snccinic,  352. 
sulphethylic,  433. 
siilpliindigotic,  287. 
sulpliindylic,  287. 
sulpliocarbolic,  450. 
snlpliocyanic,  353. 
sulphoplienic,  450. 
sulphosalicylic,  451. 
sulpliovinic,  433. 
sulphuric,  304,  638. 
sulphuric,  aromatic,  307. 

dilute,  307. 
sulphurous,  302,  638. 
sulphydric,  298. 
sylvic,  478. 
tanacetic,  424. 
tannic,  354,  639. 
tartaric,  315,  316,  639. 
tetrathionic,  343. 
tiglic,  466. 
toxicodendric,  357. 
trinitrocarbolic,  450. 
tritliionic,  343. 
tropic,  392. 
uric,  350. 

valerianic,  358,  468. 
Acid  carbonate  of  ix)tassium,  70, 
311. 

carbonate  of  sodium,  82. 
salts,  7.3,  299. 
solution  of  arsenic,  165. 
tartrate  of  i)ota.ssiuni,  61,  79. 
tartrate  of  sodium,  79. 
Acidimetry,  556. 

Acids,  analytical  detection  of,  364. 

antidotes  to,  2(i5. 

definition  of,  259. 

free,  estimated,  600. 

of  chlorine,  292. 

c|uantitalive  estimation  of,  563. 

vohimetric  estimation  of  ofli- 
cial,  563. 
Acidulous  radicals,  formulse  and 
66  « 


quantivalence  of,  66,  121, 
261. 

Acidulous  radicals,  qualitative  de- 
tection of,  361. 
radicals,  quantitative  estima- 
tion of  salts  of,  600. 
radicals,  tables  to  aid  in  the 
detection  of,  363,  364. 
Acidum  aceticum,  296. 

impurities  in,  637. 

diliUum,  296. 

ylueiale,  296,  637. 

impurities  in,  637. 
arsmiosiim,  l(i4. 
beiizoicum,  332,  637. 
boricim,  330. 

impurities  in,  637. 
curbolicum,  449,  637. 

cruduni,  449. 
ehrnmicum,  235,  637. 
eitriaim,  320. 

impurities  in,  630. 
gallicum,  356. 

impurities  in,  638. 
hydrobromicmn  dilutum,  267. 

impurities  in,  638. 
hyilrochioricmn,  29,  262. 

impurities  in,  638. 

diliiium,  262. 
hydrocyanicum,  dilulvm,  277. 

impurities  in,  638. 
lacticum,  344. 

impurities  in,  638. 
nilriciim,  284. 

impurities  in,  638. 

diluhmi.  284. 
nitro-liydivchloricum     dil  ulum, 

285. 
oleicum,  462. 

impurities  in,  638. 
pJwsplioricum,  326. 

dilutum,  326. 

impurities  in,  639. 
sulicylicum,  451. 

impurities  in,  639. 
aidphuricum,  307. 

impurities  in,  639. 
nulphiiricnm  aromalimm,  307. 

diliUmn,  307. 
aidphuromm,  303. 

impurities  in,  639. 
lannicnm,  354. 

impurities  in,  639. 
turlaricum,  316. 
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Acidim  tartaricum,  impurities  in, 

639. 
Acipensei;  459. 
Aconiti  feroc.i.t  radix,  392. 
folia,  391. 

helerophylU  radix,  392. 
Aconitia,  391. 
Aconitic  acid,  322. 
Aconitina,  391. 
Aconitine,  391. 
Aconitum,  392. 

ferojc,  392. 

hclerophyllnm,  392. 

nnpelliiK,  391. 
Acorin,  474. 
Acoras  calmnm,  474. 
Acrinyl  sulphocyanate,  4.53. 
Acrolein,  455. 
Acrylic  acid  (test  for),  454. 
AcLta  racemosa,  400. 
Adepa,  464. 

impurities  in,  639. 

bcnzoinalus,  464. 
Adhesion,  56. 
Adipocire,  459. 

marmeloa,  355. 
Aerated  bread,  412. 

water,  85. 
iEsculin,  396. 
jEllier,  432,  434. 

impurities  in,  639. 
JEiher  aceticus,  436. 

impurities  in,  639. 

forlior,  434. 

impurities  in,  639. 

purun,  434. 
Affinity,  chemical,  38. 
African  pepper,  394. 
Agate,  351. 
Air,  composition,  26. 

influence  of  animals  and  plants 
on,  19. 

nitrogen  in  the,  26. 

oxygen  in  the,  16. 

relative  weight  of  the,  26. 

weiglit  of  1  cubic  centimetre, 
548. 

weiglit  of  100  cubic  inches, 
548. 

Ajwain  oil,  471. 
Alabiuiter,  103. 
Albumen,  455. 

detection  of,  in  urine,  504. 


Albumen,  vegetable,  459. 
Albumen  ovi,  455. 
Albinnenoid  substances,  455. 
Ah'liemy,  13. 
Alcohol,  425. 

absolute,  428,  525. 

amy  lie,  445,  52-5. 

amylic.um,  445. 

and  allied  bodies,  425  el  seq. 

benzvlic,  482. 

biitylic,  360. 

cinnamic,  482. 

dihUum,  428. 

ethylic,  428. 

from  sugar,  412. 

glyceric,  454. 

in  100  parts  of  spirit.?  of  dif- 
ferent densities,  Table  show- 
ing the  proportion  by  weight 
of,  659. 

methylic,  439. 

phenic,  449. 

quantitative  estimation  of,  632. 
radicals,  437. 
real,  428. 

test  for  impurities  in,  571,  639. 

test  for  purity  of,  429,  571. 
Alcoholates  of  chloral,  445. 
Alcoholometer,  544. 
Alcohols,  437. 
Aldehyd,  430. 

benzoic,  333. 

euodic,  474. 

lauric,  474. 

rutic,  474. 
Aldehyds,  438. 

aronuitic,  474. 
Ale,  406,  427. 
Alexandrian  senna,  417. 
Algaroth's  powder,  178. 
Alizarin,  485. 

Alkalies,  analytical  separation  of 
the,  99. 
antidotes  to,  261. 
quantitative  estimation  of  the, 

556. 

Alkalimetry,  562. 
Alkaline  carbonates,  volumetric  es- 
tinuition  of  the,  556. 
earths,  124. 

solution  of  arsenic,  164. 
Alkaloids,  377. 

antidotes  to  the,  379. 


INDEX. 


667 


Alkaloids,   distinguisliod,  378, 
;!9I 

nomenclature  of,  378. 

poisonous,    examiniition  for, 
493  el  seq. 
Alkanet,  485. 
Alkanna  tinclovia,  485. 
Allium,  453. 
A  Hot  ropes,  408. 
Allotropic  bodies,  408. 
Allotropv,  408. 
Alloxan,' 358. 
Alloy,  192. 

Alloys,  analysis  of,  372. 
Allspice,  472. 
Allyl,  453. 

cyanide,  453. 

sulphide  of,  453. 

sulphocyanate  of,  453. 
Almond-oil,  46G. 
Almonds,  oil  of  bitter,  41  fi,  448. 

test  for  nitrobenzol  in,  417. 
Aloe,  452. 

purificala,  452. 

socolrina,  452. 
Aloes,  452. 
Aloins,  452. 
AUlonia  constricta,  395. 

sclwlaris,  395. 
Alstonicine,  395. 
Alstonine,  395. 
Altkea,  407. 

officinalis,  407. 
Alum,  135. 

cake,  13G. 

chrome-,  136. 

dried,  137. 

(lour,  135. 

iron,  136. 

potash-,  135. 

roche  or  rock,  137. 

root,  356. 

soda,  1.36. 
A  lumen,  135. 

impurities  in,  640. 

exaicculum.,  137. 
Alumina,  137. 
Aluminii  hyrtrris,  137. 

im[)urities  in,  0-10. 

mdphas,  136. 

impurities  in,  040. 
Aluminium,  135,  (UiO. 

analytical  reactions  of,  137. 

and  ammonium  sulphate,  136. 


Aluminium  and  sodium,  double 

chloride,  135. 
bronze,  135. 
derivation  of  word,  32. 
detection  of,  in  presence  of 

iron  and  zinc,  159. 
hydrate,  136. 
oxide,  137. 

quantitative  estimation  of,  591. 

separation  of,  from  chromium 
and  iron,  237. 

silicate,  136. 

sulphate,  136. 
Amalgam,  192. 

ammonium,  90. 
Amber,  352. 

oil,  352. 
American  senna,  417. 

turj^entine,  474. 

wormseed,  475. 
Amianth,  351. 
Amide,  202. 

Amido-chloride  of  mercury,  202. 
Amidogen,  202. 
Amines,  377. 
Ammonia,  90. 

detected  by  Nessler  test,  558. 

fetid  spirit,  92. 

gas,  composition  of,  90. 

in  drinking  waters,  558. 

preparation  of,  90. 

solution  of,  91. 

synthesis  of,  90. 

type,  375. 

volcanic,  89. 

volumetric  estimation  of  solu- 
tions of,  557. 
Ammoniacal  liquor,  89. 

salts,  sources  of,  89. 
Ammoniacum,  481. 
Avimonicn  {vide  Aimnonii). 
Ammoniated  glycyrrhizin,  421. 
mercury,  202. 

varieties  of,  202. 
Ammonii  uccUdia  liquor,  91. 
aqua,  91. 

I'ortlor,  91. 
aromaticus,  spirilux,  92. 
benzoas,  93,  333._ 

impurities  in,  640. 
bromidum,  93,  2(i7,  569. 
impurities  in,  640. 
volumetric  estimation  of, 
509. 
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Ammonii  carbona!^,  91. 

impuritiea  in,  92,  G40. 
chloridii.iii,  89. 

impurities  in,  0-10. 
citratis,  liquor,  93. 
fcetidus,  Hpirilu,",  92. 
forlior,  liquor,  91. 
iodidniii,  93. 

impurities  in,  640. 
nitra.%  92. 

impurities  in,  641. 
phoaphaa,  93,  608. 

impurities  in,  641. 
sulphcis,  89. 

impurities  in,  641. 
valeriatuiK,  360. 

impurities  in,  641. 
Ammonio-chloride    of  mercury, 
202. 

-citrate  of  iron,  lol. 
-ferric  sulpliate,  136. 
-ferric  alum,  136. 
-magnesian    phosphate,  119, 
328. 

-nitrate  of  silver,  174,  203. 
-sulphate  of  copper,  174,  203. 
-tartrate  of  iron,  152. 
Ammonium,  88. 
acetate,  91. 
amalgam,  90. 
analytical  reaction,  96. 
and  magnesium,  arseniate  of, 
119. 

and    magnesium  phosphate, 
119. 

and   platinum,  double  chlo- 
ride, 97,  244. 
arseniate,  160. 
benzoate,  93,  333. 
bicarbonate,  91. 
bromide,  93,  267. 
carbamate,  91. 
carbonate,  93. 

solution  of,  92. 
chloride,  89. 
citrate,  93. 
cyanate,  335. 
derivation  of  word,  32. 
derivatives,  203. 
glycyrrhizate,  421. 
hydrate,  90. 
iodide,  270. 
molybdate,  501. 
nitrate,  92. 


Ammonium,  oxalate,  94. 
periodide,  270. 
phosphate,  93. 

potassium  and  sodium,  sepa- 
ration of,  99. 

quantitative  estimation  of,  580. 

salts,  source  of,  89. 
volatility  of,  97. 

sulphate,  89. 

sulphide,  94. 

sulphydrate,  94. 

tartrate,  97. 

valerianate,  360. 

volumetric  estimation  of  car- 
bonate of,  558. 
Amorphous,  meaning  of,  181. 

phosphorus,  327. 
Amyc/dala  umnru,  410. 

dulci.%  416. 
Amygdalin,  410. 
Amyl,  445. 

acetate,  440. 

nitrite,  446. 

impurities  in,  641. 

valerianate,  446. 
Amylaceous  substances,  401. 
Amylamine,  378. 
Amylic  alcohol,  445. 
Amylum,  401. 

iodatum,  405. 
Amyric  acid,  480. 
Amyrin,  480. 
Anacyclus  pyrelhrum,  479. 
Analogies  between  chlorine,  bro- 
mine, and  iodine,  275. 

of  sodium  and  potassium  salts, 
87. 

Analogv  of  carbon,  boron,  and  sil- 
icon, 330,  352. 

of  oxygen,  sulphur,  selenium, 
and  tellurium,  299. 

of  salts,  87. 
Analysis,  98. 

aided  by  sifting,  368. 

blowpipe,  369. 

ga.s,  357,  491. 

gravimetric,  520. 

meaning  of  word,  60. 

organic.  Oil. 

practical,  98. 

proximate.  Oil. 

qualitative,  99. 

quantitative,  519. 

spectral,  491. 
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Analysis,  systematic,  for  the  detec- 
tion and  separation  ot'  tlie 
metals,  99,  122,  101,  183, 
186,  219,  370. 

ultimate,  Gil. 

volumetric,  521,  554. 
Analysis  and  synthesis,  60. 

of  gases  and  vapors,  491. 
insoluble  salts,  370  et  seq. 
medicines,  377. 
salts,  367. 

substances  having  unknown 
properties,  370. 
Analytical  cliemists,  14,  note. 

detection  of  the  acidulous 
radicals  of  salts  soluble  in 
water,  361. 

memoranda,  256,  261. 
Analytical  reactions  of  ace- 
tates, 297. 

albumen,  455.  ^ 

alcohol,  429. 

aldehyd,  430. 

aluminium,  137. 

ammonium,  96. 

amygdalin,  416. 

antimony,  180,  494. 

arsenicum,  167,  494. 

atropine,  392. 

barium,  102. 

beberine,  393. 

benzoates,  334. 

berberine,  394. 

bile,  464. 

bismuth,  250. 

borates,  331. 

bromides,  268. 

brucine,  390. 

cadmium,  246. 

caffeine,  398. 

calcium,  113. 

carbonates,  31 1. 

chloral  hydrate,  445. 

chlorates,"  292. 

clilorides,  264,  495. 

chromate.s,  235. 

cliromium,  230. 

citrates,  323. 

cobalt,  230. 

eoniine,  395. 

copper,  189. 

cyanides,  279. 

ferric  salts,  158. 

ferridcyanide.s,  339. 


Analytical  reactions  of  1 

rocyanides,  337. 
ferrous  salts,  157. 
fluorides,  339. 
formates,  336. 
gallic  acid,  356. 
glucosides,  416. 
glycerin,  454. 
gold,  242. 
guaiacin,  421 . 
hippurates,  337. 
hydrocyanic  acid,  279,  496. 
hypochlorites,  289. 
hypophosphites,  342. 
hyposulphites,  344. 
iodides,  271. 
iron,  157. 
lactates,  345. 
lead,  210,  494. 
lithates,  358. 
lithium,  224. 
magnesium,  119. 
malates,  345. 
manganese,  228. 
meconates,  346,  498. 
mercuric  salts,  201,  204. 
mercurous  salts,  203,  204. 
meta])hosphates,  347. 
morphine,  381,  498. 
nickel,  232. 
nicotine,  397. 
nitrates,  285. 
nitrites,  347. 
nitrons  etlier,  435. 
■      oxalates,  313,  496. 
phosphates,  328. 
phosphites,  348. 
platinum,  244. 
potassium,  77. 
pyrogallic  acid,  357. 
pyrophosphates,  350. 
quinine,  385. 
salicin,  423. 
silicates,  351. 
silver,  215. 
sodiiui),  87. 
starch,  404. 
strontium,  225. 
strychnine,  389,  497. 
succinates,  352. 
sugar,  411. 
sulpliates,  307. 
sulphides,  301. 
sulpliites,  303. 
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Analytical  reactions  of  siil- 
pliocyanates,  353. 

sulphuric  acid,  307. 

tannic  acid,  354. 

tartrates,  319. 

tlielne,  399. 

tin,  239. 

urates,  357. 

veratrine,  399. 

zinc,  133. 
Anamirta  cocculus,  422. 

panimlala,  422. 
Anamirtin,  422. 
Anehusa  tlnctoria,  485. 
Anchusin,  485. 
Andria  araroba,  335. 
Andrographis  paniculata,  400. 
Andropogon  cUratus,  475. 

nardus,  472. 

schwnanthus,  473. 
Anemone  prateiisis,  332. 

jjatens,  332. 

Pulsatilla,  332. 
Anemonic  acid,  332. 
Anemonin,  332. 
Aneroid  barometer,  522. 
Anetliene,  471. 
Anethol,  471. 
Angelic  acid,  471. 

powder,  177. 
Angelica,  471. 
Angustiira  bark,  400. 
Anhydride,  acetic,  296. 

antimonic,  177. 

antimonioiis,  177. 

boracic,  330. 

carbonic,  311. 

clilorochromic,  236. 

chromic,  235. 

nitric,  281,  286. 

nitrous,  286. 

phosphoric,  25,  348. 

silicic,  351. 

sulphuric,  307. 

suli^hurons,  302. 
Anhydrides,  84. 
Anhydrous  bodies,  84. 

nitric  acid,  285. 

percliloride  of  iron,  144. 

sulphate  of  copper,  188. 
Aniline,  451,  487. 

colors,  487. 
Animal  charcoal,  110. 

decolorizing  power  of,  1 10. 


Animal  rouge,  486. 
Animals  and  plaiiLs,  complement- 
ary, action  of  air,  19. 
Anise,  471. 
Aniseed  oil,  471. 
Anise-fruit,  471. 
Anisam,  471. 
Annatto,  485. 
Anlhemi.s,  471. 

nobilis,  471. 
Anthemidui  Jlores,  400,  471. 
Anthracene,  452. 
Anthracite,  237. 
Antichlor,  303. 
Antidotes  to  acids,  261. 

alkalies,  261. 

alkaloids,  379. 

antimony,  182. 

arsenic,  148,  174. 

barium,  102. 

carbolic  acid,  450. 

copper,  190. 

cyanides,  280. 

hydrochloric  acid,  265. 

hydrocyanic  acid,  280. 

lead,  211. 

mercury,  205. 

nitric  acid,  288. 

oxalic  acid,  314. 

silver,  216. 

sulphuric  acid,  308. 

tin,  241. 

zinc,  134. 
Antimonial  wine,  179. 
Antimoniate  of  pota.ssium,  87. 

sodium,  87. 
Antimonic  anhydride,  178. 

chloride,  177. 

oxide,  178. 
Antimoni.i.    chloridii,    liqiwr,  177, 
594. 

el  polassii  tarlra.%  1 78. 

impurities  in,  641. 

quantitative  estimation  of 
antimony  in,  594. 
oxidum,  177. 

impurities  in,  641. 
sidphidum,  176. 

purificcttmn,  176. 

impurities  in,  641. 
stdphuratum,  179. 

imjjurities  in,  641. 
Antimonious  anhydride,  J  78. 
chloride,  177. 
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Antinionious  oxide,  177. 

oxychloriile,  177. 
Antimonlum  sttlphiirdlam,  179. 

estimation  of,  594. 
Antinioniiu-etted  hydrogen,  181. 
Antimony,  16o,  "l7G,  81(5,  527. 
analytical  reactions  of,  ISO. 
and  arsenic,  analytical  sepa- 
ration of,  183. 
and  potassium  tartrate,  178, 
310. 

antidote  to,  182. 
black,  176. 
butter,  177. 
cliloride,  177, 
crude,  176. 

derivation  of  word,  32. 

from  arsenic,  to  distinguish, 

171. 
hydride,  181. 

in  organic  mixtures,  detection 

of,  494. 
oxide,  177. 
oxychloride,  177. 
oxysulphide,  179. 
pentachloride,  177. 
potassio-tartrate,  178. 
quantitative    estimation  of, 

■594. 

solution  of  chloride  of,  177. 

sulphide,  176,  180. 

sulpiuir,  salts  of,  179. 

sulphurated,  179. 

tartrated,  178. 
Antiseptic,  450. 
Antozone,  235,  272,  512. 
Apocijnum,  400. 

Apmnorphince  liydrocldoras,  382. 
Aponiorphine,  382. 
Aporetine,  335. 
Apothecaries,  14. 
Apparatu.s,  xi. 

for  experiments,  xi. 

for  gravimetric  analvsis,  582, 
591,  590,  597,  602,  "OOO,  012, 
61.3,  615. 

ff)r  volumetric  analy.si.s,  554. 

list  of,  xi. 
Apple,  acid  in,  345. 

essence,  446. 

oil,  446. 

wine,  427. 
Ar/ua,  126. 

aiiimonice,  91. 


Aqua    ammnnke,    impurities  in, 
641. 

volumetric  estimation  of, 
557. 

aminonice  fnrtior,  91. 

impurities  in,  641. 
amygdalm  umarce,  416. 
(mi.si',  470. 

aiirantii  jlormn,  470. 
impurities  in,  041. 

cumphorce,  476. 

chluvi,  28,  264. 

chloroftirmi,  443. 

cinnumomi,  470. 

fce.niculi,  470. 

creanoti,  449. 

destiUaiu,  126. 

impurities  in,  642. 

foiiis,  285. 

lanrocercm ,  416. 

mentlm  piperiOe,  470. 
vh'idis,  470. 

regia,  183,  285. 

ro'.-cp,  470,  473. 
Arabin,  112. 
Arachidic  acid,  468. 
Arachis  hypogfea,  467. 
Arachis  oil,  407. 
Araroba  powder,  335. 
Arbor  Diana,  210. 
Arbov  vitcE,  474. 
Arbutin,  356,  417. 
Archil,  486. 
Arctium  lappa,  400. 
Arcloxlaphylos  uva-nrsl,  417. 
Are,  532. 

Areca  calechu,  356. 
Areca-nnts,  356. 
Argal,  315. 

Argent-ammon-ammonium,  niti'ate 

of,  203. 
AryPMti  rynnidnm,  215. 
indidiim,  215. 

impurities  in,  642. 
nilras,  213,  599. 

gravimetric  estimation  of, 
598. 

impurities  in,  017. 
diluluK,  214,  599. 
Jum!>,  214,  599. 
oxidnm,  214,  599. 

impurities  in,  642. 
Argentic  chloride,  sulphide,  etc. 
{vide  Salts  of  Silver). 
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Argentiferous  galena^  212. 
Argantutii,  33. 
ArgeiUiim  piirificuhun,  214. 
Argol,  315. 
Armenian  bole,  485. 
Armonicim  radix,  471. 
Arnatto,  485. 
Arnica,  478. 
Arnicw  radix,  478. 

flores,  478. 
Arnicin,  478. 
Arnotto,  485. 
Aromatic  akleliyds,  473. 
Arrowroot-starch  (fig  ),  403. 
Arseniate  of  ammonium,  166. 

barium,  103,  174. 

calcium,  174. 

copper,  173. 

iron,  167,  576. 

magnesium  and  ammonium, 
_  119. 

silver,  174. 

sodium,  166. 

zinc,  174. 
Arseniates,  166. 
Arsenic  acid,  166. 

and  arsenical  solutions,  volu- 
metric estinuition  of  official, 
573.  _ 

anhydride,  166. 

in  carbonate  of  potassium,  so- 
lution of,  164. 

in  hydrochloric  acid,  solution 
of,"  165. 

odor  of,  165. 

white,  164. 

antidote  to,  148,  174. 
Arsenical  ores,  163. 

sulphur,  172. 
Amenii  iodidam,  163. 
Arsenicum,  103. 

analytical  reactions  of,  167. 

antidotes  to,  148,  174. 

and  antimon)^  analytical  sep- 
aration of,  183. 

bromide,  163. 

chloride,  163. 

derivation  of  woi-d,  S2. 

detection  of,  in  metallic  cop- 
per, 169. 

detection  of,  in  ores,  174. 

detection  of!,  in  organic  mix- 
tures, 494. 

Fleitmann's  test  for,  171. 


Arsenicum  from  antimony,  to 
distinguish,  171. 
hydride,  170. 
iodide,  103. 
Marsh's  test  for,  109. 
quantitative  estimation  of,  573, 
593. 

red  native  sulphide,  104. 

reduction  of  ai'seniates  to  ar- 
senites,  166. 

Eeinsch's  te.st  for,  169. 

sources  of,  103. 

sulphide,  164,  172. 

yellow  native  sulphide,  164. 
Arsenide  of  cobalt,  230. 
Arsenio-snlphide  of  iron,  163. 

of  nickel,  232. 
Arsenious  acid,  164. 

anliydride,  164. 

oxide,  164. 
Arsenites,  164. 
Arsenite  of  copper,  173. 

potassium,  164. 

silver,  173. 

sodium,  100. 
Arseniuretted  hydrogen,  170. 
Art  of  Chemistry,  13. 
Arlemisia  absinlhium,  472. 

maritima,  423. 
Artificial  alkaloids,  377. 

gastric  juice,  460. 
AxcifcRlida,  481. 
Asbestos,  351. 
Asclepedin,  400. 
Asdepiax  tuberom,  400. 
Ash,  100. 

black-,  80. 

bone-,  109. 

soda-,  86. 
Ashes,  analysis  of  (mixed  solids), 

370. ' 
Asparagin,  346. 
Aspartate  of  ammonium,  310. 
Aspidinm,  467. 
Aspidospermine,  392. 
Aspirator,  water,  306. 
-ale,  meaning  of,  72. 
Atees,  392. 
Atis,  392. 

Atmosphere,    carbonic    acid  in, 
310. 

composition  of,  20. 
nitrogen  in,  26. 
oxygen  in,  15,  26. 


INDEX. 


673 


Atmospheric    pressure,  measure- 
ment of,  oil. 
Atom,  delinitioii  of,  50. 

weights,  deliuition  of,  51. 
Atomic  proportions,  194,  15)7. 
tlieory,  50. 
weiglits,  51. 

relation  of  sjiecilic  heat 
to,  550. 
Atomicity,  53. 
Atoms,  50,  51. 

quantivalence  of,  55. 
definition  of,  56. 
Atropa  belladonna,  392. 
Atropia,  tropate  of,  392. 
Alropina,  392. 

impurities  in,  642. 
AlropincB  sulphas,  392. 

impurities  in,  642. 
Atropine,  392. 
Attar  of  ro.se,  473. 
Auranlii  amari  cortex,  471. 
ditlcis  cortex,  400,  471. 
Jlores,  471. 
Auric  chloride,  242. 

sulphide,  242. 
Aiiri  el  sodii  chloridum,  242. 

impurities  in,  642. 
A  uruin,  34. 

impurities  in,  642. 
Avignon  grains,  484. 
Avogadro's  and  Ampere's  law,  52, 
53. 

Azadiracla.  indica,  400. 
Azedarach,  400. 

Baclerinm  mycodermi,  294. 
Bael  fruit,  355. 
Bahia  powder,  335. 
Baking-powder,- 412. 
Balance,  528. 
Balloon.s,  coal-gas  for,  24. 

hydrogen  for,  24. 
Balm,"  473. 

Balm-of-Gilead  fir,  481. 
Balsam,  Canada,  481. 

copaiva,  480. 

fir,  474. 

(Jurjun,  480. 

Peril,  482. 

Stora.x,  482. 

Tohi,  483. 
Balmmodendron  myrrha,  482. 
BaLsams,  482. 
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BaUamwm  Penivianum,  482. 

impurities  in,  642. 
Tolutanum,  334,  483. 
Buptimt  tincloriu,  400. 
Barbadoes  aloes,  452. 
Bar))aIoin,  452. 
Barl)erry,  393. 
Bar(l''s  protected  iron,  139. 
Baric  chloride,  nitrate,  etc.  (vide 

Salts  of  Barium). 
Barium,  101. 

acetonitrate,  124. 
analytical  reactions  of,  102. 
and  calcium,  separation  of, 

from  magnesium,  122. 
antidotes  to,  102. 
anseniate,  103. 
carbonate,  103. 

native,  101. 
chloride,  101. 
chromate,  102. 
derivation  of  word,  32. 
detection  of,  in  presence  of 
calcium    and  magnesium, 
122. 
hydrate,  101. 
niti'ate,  101. 
pero.xide,  102. 
pliosphate,  103,  329. 
oxalate,  103,  314. 
(quantitative    estimation  of, 
687. 

sahs,  antidote  to,  102. 

silico-fluoride,  103. 

sulphate,  102. 

sulphide,  101. 

sulphite,  304. 
Barley-starch  (fig.),  403. 
Barley-.sugar,  414. 
Barometer,  521. 
Baryta,  101.- 

-water,  101. 
Basalt,  135. 
Base,  meaning  of,  259. 

organic,  376. 
Bassorin,  1 13,  407. 
Bastard  saflron,  485. 
Ba.sylotis  radicals,  121. 
Bath  briclc,  351. 
Bauxite,  135. 
Bay,  473. 
Bay  rum,  427. 

salt,  80. 
Bearberry,  350. 
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Beaver,  478. 
Beaver  tree,  401.  ' 
Beberia  or  beberine,  393. 
Beberice  sulphas,  393. 
Beberine,  393. 
Beer,  406. 
Beeswax,  465. 
Beetroot,  411. 
J3dce  frucUit',  355. 
Belladonnm  folia,  392. 

radix,  392. 
Bell-metal,- 238. 
Bend  glass  tubes,  to,  17. 
Benne  oil,  467. 
Benzaldehyd,  416. 
Benzene,  448. 
Benzin,  448. 
Benzine,  448. 
Benzinum,  448. 

impurities  in,  642. 
Benzol-disulphonic  acid,  450. 
Benzoline,  448. 
Benzin-Collas,  448. 
Benzoate  of  ammonium,  93,  333. 
Benzoated  lard,  464. 
Benzoates,  332. 
Benzoic  acid,  332,  524,  526. 

aldehyd,  333. 

glycocine,  3.34. 
Benzoin,  332,  482. 
Benzoinvm,  332,  482. 
Benzol,  448. 
Benzyl  benzoate,  482. 

cinnamate,  482. 

hydrate,  334. 

hydride,  416,  482. 
Benzylic  alcohol,  482. 
Berberia  or  berberine,  393. 
Berberis  cortex,  393. 
Bergaraot  oil,  471. 
Berlin  blue,  486.        ■  ' 

red,  485. 
Bertbollet's  laws,  376. 
Beryllium,  660. 
Betel  nuts,  356. 
Bi-,  the  prefix,  71. 
Bibasic  {vide  Dibasic). 
Bibirine,  393. 
Bibulous  paper,  106. 
Bicarbonate  of  ammonium,  91. 

of  potassium,  70,  318,  322, 
560. 

chemically  pure,  561. 


Bicarbonate  of  sodium,  82,  318, 
322,  560. 

chemically  pure,  561. 
Bichromate  of  potassium,  234. 
Bikh,  392. 
Bile,  464. 

detection  of,  in  urine,  505. 

tests  for  presence  of,  464. 
Biliary  calculi,  516. 
Bish,  392. 

Bismuth,  246,  527,  5-15,  595. 
and  ammonium  citrate,  249. 
analytical  J'eactions  of,  250. 
carbonate,  249. 
citrate,  249. 
derivation  of  word,  34. 
hydrate,  250. 
lozenge,  248. 
nitrate,  247. 
oxide,  249. 
oxy-salts,  248. 

quantitative  estimation  of,  595. 
salts,  composition  of,  249. 
subcarbonate  or  oxy carbonate, 
249. 

subnitrate  or  oxyuitrate,  247. 
sulphate,  249. 
sulphide,  250. 
Bis7nulhi  carbonas,  249. 

estimation  of  bismuth  in, 
595. 

impurities  in,  642. 
citrus,  249. 

impurities  in,  617. 
et  amvionii  citrmi,  249. 

impurities  in,  617. 
oxidum,  249. 
snbcarboiias,  249. 
subnilras,  247. 

impurities  in,  642. 
Bisulphide  of  carbon,  438. 
Bisulphite  of  lime,  303. 

sodium,  303,  574. 
Bitter  almonds,  oil  of,  416,  471. 
ca.ssava,  402. 
principles,  400. 
-sweet,  398. 
Bittern,  266. 
Bituminous  coal,  237. 
Bi  valence,  55. 
Bivalent  radicaLs,  55,  121. 
Bixn  orellaiia,  485. 
I  Bixin,  485. 
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Black  untimony,  176. 
iilder,  ooG. 

alder,  buckthorn,  418. 
ash,  86. 
-band,  139. 
bone-,  110. 
cherry  bark,  417. 
coloring-matters,  487, 
dyes,  487. 
flux,  165. 
haw,  401. 

hydrate  of  iron,  153. 
ink,  355. 
-lead,  30. 
oak,  484. 

oxide  of  copper,  188. 
of  iron,  153. 
of  manganese,  226. 
of  mercury,  200. 

pepper,  397- 

snakeroot,  400. 
Blackberry,  356. 
Bladder-green,  487. 
Blanc  de  perle,  248. 
Bleaching  by  chlorine,  29, 

-liquor,  112. 

-powder.  111. 
Blende,  128. 
Block  tin,  237. 
Blood,  456,  oil. 

detection  of,  in  organic  mat- 
ter, 512. 

hvdrocvanic  acid  in  the,  280. 
Blood-root,  398. 

vinegar,  295. 
Blood-stains,  512. 
Blowpipe  analysis,  369. 
Blue  cohosh,  400. 

coloring-matters,  487. 

coppenis,  141. 

flag,  400. 

indigo,  291. 

mass,  191. 

ointment,  191. 

pill,  191. 

Prussian,  158,  338. 
stone,  188. 
TuriibuU's,  339. 
vitriol,  141,  188. 
Eoilerl  oil,  466. 

Boiling-point,"?    of   various  sub- 
stances, 525. 
-point,  definition  of,  525. 
Boldo,  472. 


"Bonds"  (Fraukland),  135. 
Bonduu  seeds,  400. 
Bone-ash,  109. 

-black,  110. 

-earth,  324. 
Bones,  composition  of,  324. 
Boneset,  400. 
Boracic  acid,  330. 

anhydride,  330. 

as  an  antiseptic,  331. 
Borates,  330. 

analytical  reactions  of,  331. 
Borax,  330. 

volumetric  estimation  of,  559. 

bead,  231. 
Bordeaux  turpentine,  475. 
Boric  acid  (see  Boracic  acid),  330. 
Borneene,  476. 
Borneo  camphor,  476. 
Boron,  330. 

chloride,  330. 

derivation  of  word,  330. 

flame,  331. 

fluoride,  330. 
Borotartrate  of  pota.ssium,  331. 
Bos  taurm,  464. 
Boswellia,  482. 
Bourdon  barometer,  522. 
Boyle's  law,  52. 
Brandy,  427,  431. 
Brass,  "128. 
Brayera,  479. 
Brazil-powder,  335. 

-wood,  485. 
Bread,  401,  412. 

aerated,  412. 

-making,  412. 
Breidin,  480. 
Brezilin,  485. 
Bright's  disease,  504. 
Britannia  metal,  176,  206. 
British  gum,  405. 
Bromal,  445. 

alcoholates  of,  445. 

hydrate  of,  445. 
Bromate  of  potassium,  76. 
Bromates,  268,  293. 

detection  of,  in  l)romides,  268. 
Broniic  aoid,  76,  293. 
Bromide  of  ammonium,  267,  569. 

arsenicum,  163. 

calcium,  267. 

ethyl,  436. 

iron,  144. 
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Bromide  of  lithium,  223. 
potassium,  75,  2G7,  569. 

voluinetricai  estimation 
of,  569. 
silver,  215. 
sodium,  267,  570. 
snlpliiir,  301. 
Bromides,  267. 

analytical  reactions  of,  268. 
quantitative  analysis  of,  569, 
601. 

separation  of,  from  chlorides 
and  iodides,  273. 
Bromine,  265. 

analytical  separation  of,  268. 

derivation  of  word,  33. 

its  analogy  to  chlorine  and 
iodine,  269. 

solution  of,  268. 

test  of  purity,  266. 

volumetric  estimation  of  free, 
601. 
Bromum,  273. 

impurities  in,  642. 
Bronze,  240. 

aluminium,  135. 

coinage,  187. 
Bronzing-powder,  240. 
Broom-tops,  398. 
Brown  coloring-matters,  487. 

haematite,  138. 

rosin,  478. 

sugar,  411. 
Brucia^  390. 
Brucine,  390. 
Brunswick  green,  173. 
Bryoidin,  480. 
Hn/onia,  417. 
Bryonin,  417. 
Bryony,  417. 
Biichu,  472. 

oil  of,  472. 
Buckthorn  green,  486. 

-juice,  418. 
"Bumping,"  277. 
Bunsen  gas-burners,  23. 

valve,  583. 
Burdock,  400. 
Burette,  Mohr's,  555. 
Burgundy  pitch,  479. 
Burners,  gas,  17,  23. 
Burnett's  disinfecting  fluid,  130. 
Burnt  oclire,  485. 

sugar,  415. 


I  Burnt  umber,  487. 
j  Biitca  frondosa,  355. 
Butter,  457. 

of  antimony,  177. 
cacao,  4(i5. 
cocoa,  465. 
kokum,  465. 
orris,  473. 
Butternut,  396. 
Butyl,  360. 

cliloral,  445. 
sulpliocyanate,  438. 
Butylic  alcohol,  360. 
Butyrates,  360. 
ButVric  acid,  360,  438,  468. 
Buxine,  393. 
Buxus  Kempervirens,  393. 
By-products,  196. 

Cacao  butter,  465. 
Cacaotine,  465. 
Gadmii  iodidiim,  246. 
Cadmium,  246. 

analytical  reactions  of,  246. 

carbonate,  246. 

derivation  of  word,  34. 

hydrate,  245. 

iodide,  246. 

nitrate,  246. 

sulphate,  246. 

sulphide,  246. 
Ccesalpina  hmziliensis,  485. 

bonducclla,  400. 
Caesium,  660. 
Cafieina,  398. 

impurities  in,  643. 
Cajuput  oil,  472. 
Cajuputene,  472. 
Cajuputol,  472. 
Caking  coal,  237. 
Calabar  bean,  397. 
Calamine,  128, 
Calamus,  474. 

draco,  478. 
Calcic  sulphate,  phosphate,  etc., 

(vide  Salts  of  Calcium  i. 
Calcii  bromidum,  267. 

impurities  in,  643, 

cavbonas  prcccipilaliis,  106. 

impurities  in,  643. 

cJdoratce,  liquor,  112. 

chloridum,  104. 

impurities  in,  643. 

hijpoplwiiphis,  341. 
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Cukii  hypophoxphis,  impurities  in, 
643. 

phosphas  prcEcipilalus,  1 1 0. 

impurities  in,  043. 

$ncchamtH:<,  liquor,  106. 
Calcined  magnesia,  IIS. 
Calcium,  103. 

analytical  reactions  of,  113. 

and  barium,  separation  from 
magnesium,  122. 

bisulpliite,  303. 

bromide,  267. 

carbonate,  106. 
prepared,  108. 

chloride,  103. 

chroniate,  113. 

citrate,  321. 

derivation  of  word,  32. 
-flame,  114. 
fluoride,  103. 

in  bones,  109. 
glycyrrhizate,  418. 
gunmiate,  1 12. 
hydrate,  106. 
liypoclilorite.  111. 
hypophosphite,  341. 
hyposulphite,  300. 
in   presence  of  barium  and 

magnesium,    detection  of, 

122. 

oxalate,  113,  314. 

oxide,  105. 

phospliate,  103,  109. 

polysuipliide,  300. 

quantitative  estimation  of,  588. 

silicate,  10.3,  351. 

sulphate,  10.3,  113,  300. 

sulphide,  112. 

sulpliite,  303. 

superphosphate,  324. 

tartrate,  319. 
Calc-spar,  103. 
Calculi,  urinary,  514. 

examination  of,  514. 
Oilencliila,  400. 
Calendnlin,  400. 
Calomel,  192,  199. 

test  for  corrosive  sublimate  in, 
199. 

tests  for  constituents  of,  199. 
Calnlropis,  400. 
C'alnmba,  393. 
Chlx,  105. 

impurities  in,  043. 

37  » 


Calx  chlorutn,  111. 

siiJphuralu,  114. 
Cambor/ia,  480. 

impurities  in,  643. 
Camphor  laurel,  476. 

oil,  476. 

-water,  476. 
Camphora,  476. 

cinnamomum,  476. 

monohromula,  476. 
Caniphoretic  acid,  476. 
Camphoric  acid,  476. 

peroxide,  469. 
Camphors,  476. 
Camwood,  485. 
Canada  balsam,  481. 

pitch,  481. 
Canadian  hemp,  400. 

moon.seed,  393. 

turpentine,  474. 
Candle-flame,  composition  of,  23. 
Canellce  alboE  c.orlex,  400. 
Cane-sugar,  411. 
Cannabene,  478. 

hydride  of,  478. 
Cannabin,  478. 
Cannabis  americana,  478. 

indica,  478. 
CantltaricifK,  477. 
Cantharidic  acid,  477. 
Cantharidin,  477. 
Cantliaris,  477. 
Caoutchouc,  48.3. 
Capacity  unit,  531. 
Capillary,  523. 
Caproate  of  glyceryl,  465. 
Caproic  acid,  465,  468. 
Caproyl,  438. 

Caprylate  of  glyceryl,  405. 
Caprylic  acid,  465,  468. 
Cap.saicin,  394. 
Capsicum,  394,  479. 
Capsicia,  394. 
Capsicin,  479. 
Capsicine,  394. 
Capsicum,  394,  479. 

fruit,  resin  of,  394. 

oil,  479. 
Caramel,  415. 
Caraway  oil,  472. 
Carl)amate  of  ammonium,  91. 
Carbazotic  acid,  450. 
Carbolic  acid,  449,  525,  526. 
antidote  to,  450. 
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Carbo  animaUs,  110. 

•purificalus,  110. 

impurities  in,  643. 
Injni,  110. 
Carbon,  30. 

bisulphide,  310. 
combustion  of,  30. 
derivation  of  word,  31. 
disalphide,  310. 
quantitative  estimation  "of,  in 
organic  compounds,  611  el 
seq. 

Carbonate  of  ammonium,  9J. 
solution  of,  92. 
barium,  103. 
bismuth,  249. 
cadmium,  246. 
calcium,  103,  106. 

prepared,  108. 
iron,  141,  577. 

saccharated,  142,  577. 
lead,  211. 
lithium,  223. 
magnesiimi,  116. 
potassium,  61. 
acid,  70,  560. 

chemically  pure,  561. 
sodium,  80,  86,  313,  560. 
acid,  82,  560. 

chemically  pure,  561. 
manulacture  of,  86,  311. 
strontium,  224. 
zinc,  131,  134. 
Carbonates,  309. 

acidulous  radical  in,  309. 
analytical  reactions  of,  311. 
gravimetric  estimation  of,  606. 
volumetric  estimation  of  al- 
kaline, 560. 
Carbonei  bisulphidum,  310. 

impurities  in,  643. 
Carbonic  acid,  30,'  309. 

acid  gas,  generation  of,  71. 

solubility  of,  in  water,  85. 
anhydride,  309. 
oxide,  309,  336. 
Carbonization,  100. 
Cardamom  oil,  472. 
Cardamomum,  472. 
greater,  472. 
lesser,  472. 
Carica  papaya,  461. 
Carles's  process  for  valuation  of 
cinchona-bark,  623. 


Carmine,  334. 
Carminic  acid,  334. 
Carnallite,  60. 
Carolina  jasmine,  39G. 
Carrageen  mo.ss,  407. 
Carrotin,  485. 
Carthamin,  485. 
Carthaimis  iinciorms,  485. 
Canm,  472. 

ajowan,  All. 
Carvene,  472. 
Carvol,  472. 
Caryophyllin,  472. 
Caryopliyllu.%  472. 
Cascarillu,  472. 

oil,  472. 
Casein,  457. 

vegetable,  459. 
Cama  aculifolia,  417. 

elnngata,  417. 

fistula,  411. 

oil,  472. 
Caatanea,  355. 
Castile  soap,  464. 
Caslilloa  elaslica,  483. 
Cast  iron,  139,  527. 
Castor,  478. 

fiber,  478. 

oil,  467. 
Casloveum,  478. 
Castorin,  478. 
Catechin,  355. 
Catechu,  355. 

pallidum,  355. 
Catechuic  acid.  355. 
Cathartic  acid,  417. 
Cathartogenic  acid,  417. 
Caidophyllimi  t/uUiclroides,  400. 
Caustic,  214. 

alcohol,  428. 

lime,  105. 

lunar,  214. 

potash,  61. 

soda,  81. 
Cayenne  pepper,  394. 
Cedra  oil,  471. 

Cedrene,  474.  ^ 

Celandine,  395. 

Celestine,  224. 

Cellulin,  409. 

Cellulose,  409. 

Celsius's  thermometer,  523. 

Cements,  351. 

Centiare,  531. 
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Centigrade  thermometer,  523. 
Ceplutlis  ipecucuunlui,  395. 
Cera  alba,  4G5. 

impurities  in,  643. 
Jlava,  465. 

impurities  in,  643. 
Cerasin,  467. 
Cerusuis  sei-oliiia,  417. 
Ceriites,  517. 

Ceraiiim  plumhi  acetatis,  208, 
Cerebri n,  457. 
Ceresine,  465. 
Cerii  oxalis,  226. 

impurities  in,  643. 
Cerite,  226. 
Cerium,  226. 

derivation  of  word,  33. 

oxalate,  226. 
Ceroleine,  465. 
Cerotic  acid,  468. 
Cerevhice  fermenlwn,  425. 
Cetaoenm,  465. 

impurities  in,  644. 
Cetene,  465. 
Celntria,  334. 
Cetraric  acid,  334. 
Cetyl  liydrate,  465. 

palmitate,  465. 
Cevarlilla,  399. 
Cevadiiline,  399. 
Cevadine,  396,  399. 
Ceylon  moss,  407. 
Chalcedony,  351. 
Chalk,  108. 

precipitated,  108. 

prepared,  108. 

-.stones,  514. 
Chalybeate  water,  139. 
Chameleon  mineral,  228. 
Chamomile  oil,  471. 
Char,  100. 
Charcoal,  30. 

animal,  110. 

decolorizing    power  of, 
110. 

wood,  110. 
(■harles's  law,  52. 
L'huiia  sinuph,  453. 

potassit  nilrali.H,  282. 
Chartreuse,  427. 
Oi'ivicm  nfficinanim,  397. 
Chavicic  acid,  398. 
Chee-sc,  457. 
Chelerythrin,  394,  398. 


Cliclidonic  acid,  394. 
Chelidonine,  394. 
Clielidonimn,  394. 

Chemical  action,  definition  of,  36, 
40. 

by  symbols,  illustration 
of,  41,  46. 
affinity,  38. 
combination,  38. 

by  weight,  laws  of,  47,  58 
el  scq. 

by  volume,  laws  of,  52 
et  fcq. 

different  from  mechan- 
ical, 36,  33. 
laws  of,  47,  194,  283,  520. 
compound,  30. 

definition  of,  57. 
diagram,  57,  62. 
equation,  57,  62. 
force,  37,  56. 

conditions  for  the  mani- 
festations of,  40. 
its  relations  to  heat  and 
electricity,  550. 
formula,  definition  of,  57. 
formula?,  41,  42. 
notation,  40,  41,  42. 
philosophy,  principles  of,  36 
el  seq. 

pref)arations  of  the  Pliarma- 
copceias,  517. 

symbol,  definition  of,  57. 

symbols,  31,  40,  41,  42. 

to.xicology,  492. 
Chemicals,  14. 

list  of,  xiii. 
Chemism,  38. 
Chemist  and  Druggist,  14. 
Chemistry,  art  of,  13. 

and   physics,  differences  be-  . 
tween,  46. 

definition  of,  56. 

derivation  of  the  word,  13. 

inorganic,  376. 

object  of,  14,  48. 

organic,  376. 

s(,'ience  of,  13. 
Chemists,  analytical,  14. 

manufacturing,  14. 

jdiarmaceutical,  14. 
Chennpodinm,  475. 

oil,  485. 
Ciierry- laurel  water,  417. 
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Cherry,  320,  411. 

-tree  gum,  407. 

wild  black,  417. 
Chestnut,  355. 

-brown,  487. 
Chian  turpentine,  474. 
(.liili  saltpetre,  282. 
Cliimaphila,  417. 

unibellald,  417. 
China  clay,  351. 
Cliinese  red,  485. 

yellow,  484. 
Chinoidin,  387,  619. 
Chinoidinum,  388,  G03. 

impurities  in,  644. 
iodosulphate,  619. 
Chinoline,  387. 
(.'hiratu,  348. 
Chiratin,  348. 
Chiratogenin,  348. 
Chloral,  443. 

alcoholates  of,  445. 

butyl,  445. 

eroton,  445. 

hydra.%  443. 

impurities  in,  644. 

hydrate,  443. 
Chlorate  of  potassium,  290. 

preparation    of  oxygen 
from,  16. 
Chlorates,  290. 

analytical  reactions  of,  292. 
Chloric  acid,  289. 
Chloride  of  ammonium,  89. 

antimony,  177. 

arsenicum,  163. 

barium,  102. 

boron,  330. 

calcium,  103. 

removal  of   ii-on  from, 
104. 

chi'omium,  234. 

gold,  242. 

iron,  144. 

lead,  210. 

lime,  111. 

magnesium,  115. 

manganese,  227. 

mercuric  ammonium,  203. 

mercurous  ammonium,  203. 

mercui-y,  197. 

platinum,  243. 

and  ammonium,  97,  244, 
586. 


Chloride  of  platinum  and  lithium, 
224. 

and  potassium,  79,  245. 
silicon,  352. 
silver,  213. 
sulphur,  301. 
tin,  238. 

solution  of,  238. 
zinc,  130. 
Chlorides,  261. 

estimation  of,  600. 
separation  of,  from  bromides 

and  iodides,  273. 
tests  for,  264. 
Chlorinated  Hme,  111. 

volumetric  estimation  of,  580. 
soda,  solution  of,  86. 

volumetric  estimation  of, 
580. 

Chlorine,  27,  264,  600. 
acids,  292. 

as  a  disinfectant,  29. 
bleaching  by,  28. 
collection  of,  27. 
derivation  of  word,  31. 
its  analogv  to  bromine  and 

iodine,  269,  273. 
liquid,  264. 

percentage    in  hydrochloric 
acid,  628. 

preparation  of,  28. 

properties  of,  27. 

relative  weight  of,  28. 

solubility  in  water,  28. 

the  active  agent  in  bleach ing- 
powder.  111. 

volumetric  estimation  of,  580. 

-water,  28,  264. 
Chlorochromic  anhydride,  236. 
Chloroform,  441,  525. 

impurities  in,  617. 

-water,  443. 
CIdm  nJ'onninn  piirificntum,  442. 

venule,  443. 
Chlorophyll,  486,  518. 
Chocolate,  465. 
Cholalic  acid,  464. 
Cholate  of  sodium,  464. 
Cholesterin,  457,  516. 
Chondndendron  tomenlosum,  393. 
Chondrin,  459. 
C/iondnta  crispus,  407. 
Chromate  of  bariiun,  102. 

calcium,  113. 
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Chromate  of  lead,  210. 
mercury,  23(5. 

potassium    and  ammonium, 
103. 

potas-siura,  standard  solution 
oF  red,  575. 

silver,  215. 
fMiromates,  235. 

analytical  reactions  of,  235. 

of  potassium,  103,  122,  23G. 
Chroine  alum,  235. 

-ironstone,  234. 

-red,  210. 

-yellow,  210. 
Chromic  acid,  23-5. 

anhydride,  235. 

hydrate,  235. 

siilts,  235. 
Chromium,  23i. 

analytical  reactions  of,  236. 

chloride,  235. 

derivation  of  word,  33. 

separation  of,  from  aluminium 
and  iron,  237. 

sulphate,  2.35. 
Chromous  salts,  238. 
("hromule,  4!Sli. 
,  Chrysammic  acid,  442. 
(Jhrysarobin,  335. 
Clii  tjm) 'ob I n urn,  3.35. 

impurities  in,  644. 
Chrysophanic  acid,  335. 
C'icnla  virom,  472. 
Cider,  427. 

C'imicifiuia  racemosa,  400. 
Cimicifuf^in,  400. 
Cinchamidine,  389. 
Cinchona  assay,  616. 
Oiiickona  adimya,  383. 

fl'mt,  383. 

officinal  iff,  383. 

paUicke  cortex,  383. 

rubra,  38.3. 

succirubra,  383. 
Cinchonia.,  387. 
Cinchonicia,  383. 
Cinchonicine,  .388. 
(;inchonidia,  .387. 
Cinclionidino,  387. 
Cinclionidiiire  siilpliaa,  .388. 

impurities  in,  (>44. 
CinrltoniiKi,  388. 

impurities  in,  644. 
Cinchonince  mlphna,  387. 


Cinchonine,  387. 
Cinnabar,  191. 
Cinnam^in,  482. 
Cinnamene,  482. 
Cinnaniic  acid,  334,  482. 

alcohol,  482. 

aldehyd,  472. 
Cinnamol,  483. 
Oinnnmomum,  472. 
Cinnamon  oil,  472. 
Cinnamyl,  hydride  of,  482. 

alcohol,  482. 

cinnamate  of,  482. 
Citrate  of  ammonium,  93. 

calcium,  320. 

iron,  151. 

and  ammonium,  151. 
and  strychnine,  151. 
and  quinine,  151,  626. 

lithium,  223. 

magnesium,  118. 

nicotia,  397. 

potassium,  72. 

volumetric  estimation  of, 
561. 

quinine,  384. 

silver,  323. 
Citrates,  72,  320. 

analytical  reactions  of,  323. 

volumetric  estimation  of,  560, 
561. 

Citric  acid,  320. 

action  of  heat  on,  324. 

saturating  power  of,  322. 
Citrine  ointment,  190. 
Citronella  oil,  472. 
Citronellol,  472. 
Citro-tartrate  of  sodium,  86. 
Citrus,  472. 
Citrus  berf/uinia,  320. 
Classification  of  elements,  100,  121, 

124,  255. 
Clausius's  theory,  24. 
Claviceps  purpurea,  478. 
Clay,  135. 

ironstone,  139. 
Cloves,  oil  of,  472. 
Club-moss,  466. 
Coal,  237. 

products  of,  438. 
Coal-gas,  438. 

for  balloons,  23. 

-tar  colore,  487. 
Cobalt,  230. 
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Cobalt,  an;ilvti«il  reactions  of, 
230. 
arsenide,  230. 
blue,  4S6. 

derivation  of  word,  33. 
-glance,  230. 
hydrate,  230. 

separation  of,  from  nickel,  233. 

sulphate,  230. 

sulphide,  230. 
Cobaltic  ultramarine,  486. 
Cobalticvanide  of  potassium,  231. 

of  nickel,  231. 
Cobalticyanides,  237. 
Coca,  394. 
Cocaina,  394. 
Cocaine,  394. 
Cocculus  indicus,  422. 
Cuccm,  334. 

ilicis,  179. 

impurities  in,  644. 
Cochineal,  334. 
Cocoa,  465. 

-butter,  465. 

-nibs,  465. 

-nut,  465. 

-nut  oil,  465. 
Cucos  nucifaxi,  465. 
Codamine,  380. 
Codeia  or  codeine,  380. 
Codeina,  380. 

impurities  in,  644. 
Cod-liver  oil,  466. 
Cohesion,  56. 
Coinage,  copper,  187. 

gold,  241. 

silver,  213. 
Coke,  30. 
Colchicein,  394. 
Colchici  co7-nus,  394. 

radij;,  394. 

semina,  394. 
Colchicia,  394. 
Colchicin,  394. 
Colchicine,  394. 
C'oleothar,  485. 
Collection  of  gases,  16,  17. 
Collidine,  392. 
Collin,  633. 
Collodion,  410. 
Collodi.iim,  410. 

flexile,  410. 

stypiicum,  410. 
Cologne-water,  470.  i 


Colloid  bodies,  633. 
OolocynUiis,  418. 
Colocynthin,  418. 
Colopholic  acid,  478. 
Colophonic  acid,  478. 

liydrate,  478. 
Colophonine,  478. 
Colophony,  478. 
Coloring-matters,  484. 
Combination,  chemical,  44,  46. 

by  volume,  52. 
Combining  proportions,  48,  194, 

283,  520,  582. 
Combustible,  22. 
Combustion,  22. 

analysis  for  carbon  and  hy- 
drogen, 6l\  et  seq. 
for  nitrogen,  615. 

definition  of,  57. 

spontaneous,  155. 

supporters  of,  22. 
Composition  of  atmosphere,  26. 

bismuth  salts,  249. 

oils  and  fats,  462. 
Compound,  chemical,  37. 

diflerent   from  mechan- 
ical, 36. 
definition  of,  57. 
Compounds,  13,  36. 

of  the  elements,  60. 
Conchinine,  386. 
Condensation,  125. 
Condenser,  125. 
Condensing-tub,  125. 

-worm,  125. 
Condy's  disinfecting  fluids,  76,  228. 
Confections,  517. 
Conhydrine,  395. 

Conia,  conine,  or  conicine,  394, 395. 
C'onimii,  395. 

mncidatim,  395. 
Conquinine,  386. 
Constant  proportions,  law  of,  47. 
Constitution  of  alkaloids,  377. 
matter,  41. 

salts,  52,  120,  260,  283,  296, 
375. 

visible  matter,  30,  42. 
Construction  of  formula),  41,  45,  62, 

63,  408. 
Convolvulin,  418. 
Convolvulinol,  418. 
Coiivolvuliif!  tir,ammo)iia,  424. 
Conylia,  394. 
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Copaiba,  480. 

impurities  in,  4S0,  G44, 
Copaiva,  480. 

oil,  480. 
Copaivie  acid,  480. 
Copal,  478. 
Copper,  187. 

acetate,  189. 

aminonio-sulphate,  173,  189, 
203. 

analytical   reactions  of,  189, 
495. 

antidotes  to,  190, 

arseniate,  173. 

arsenical,  1G9. 

arsenite,  173. 

black  oxide,  188. 

blue,  487. 

coinage,  187. 

derivation  of  word,  32, 

detection  of  arsenicum  in,  173, 

foil,  188. 

hydrate,  190. 

iodide,  272. 

in  organic  niixtnres,  detection 

of,  494. 
melting-point  of,  527. 
metallic,  187. 
oxide,  188. 
oxyacetate,  188. 
pyrites,  187. 

quantitative  estimation  of,  594. 

quantivalence  of,  187. 

subacetate,  188. 

sulphate,  188. 

anhydrous,  188. 

.sulphide,  188. 
Copperas,  bine,  141. 

green,  141. 
C'nptin  IriJ'olia,  393, 
(,'oriander  oil,  472, 
Con'anclrum,  472, 
Corn-.smut,  478, 
Cork,  sp.  gr.  of,  547. 

-borers,  16. 
Cornic  acid,  335. 
Corn  in,  335. 
Coi  nus,  335. 

flnrlda,  335, 
Corpse-fat,  4-59, 

Correction  of  the  volume  of  a  gas 
for  pressure,  547. 
for  temperature,  547, 
Corrosive  sMhiimate,  197,  202. 


Corrosive  suhlimate,  test  for,  in 
calomel,  199. 

Corydalia,  395. 
j  Corydalina,  395, 
'  Cotarnine,  380, 

Coto-bark,  418. 

Cotoin,  418. 

Cotton-root  bark,  479. 

Cotton-seed  oil,  466, 

Cotton-wool,  409. 

Couch-grass,  401, 

Cow-bane,  472, 

Cowhage,  238, 

Cow's  milk,  457. 

Cranesbill,  spotted,  356, 

Cream,  458. 

of  tartar,  315. 

CreasoL  449. 

Creasote,  449, 

Creasolum,  449, 

impurities  in,  644. 

Cresol,  440. 

Cresotic  acid,  451. 

Cresylic  acid,  449, 

Oreia  prieparata,  110. 
impurities  in,  644. 

Cr'mum  asialicum,  425. 

Crocin,  485. 

Crocus  (mineral),  150. 
(vegetable),  485. 

Crocus  suiivus,  484. 

Croton  chlca-al,  445. 
oil,  466. 

Crucibles,  68. 

Crude  antimony,  176. 
jootashes,  61. 

Crum's  lest  for  manganese,  230. 

Cryohydrates,  84. 

Cryolite,  373. 

Cryptophanic  acid,  504. 

Cryptopia,  380. 

Crystallization,  water  of,  84. 

Crystalloid  bodies,  633. 

Cahebu,  397. 

Cubebene,  472, 

Cubebin,  472. 

Cubel)  pepper,  397. 

Cubebs,  oil  of,  472. 

Cubic  inclics  in  one  gallon,  548. 

Cubic  nitre,  282. 
I  Cuca  (sec  Coca), 
j  Citc.nrbiia  pcpo,  401, 
!  Culver's  root,  401. 

Cumin,  472. 
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Cuminic  acid,  472. 
Cuminol,  472. 
Caminiim,  472. 

cijminum,  472. 
Cummin,  472. 
Cupel,  599. 

Cupellation,  estimation  of  silver 
by,  599. 

Cupr-cliaramon-diammonium,  sul- 
phate of,  203. 
Cupreine,  388. 
Ctipri  aceUts,  189. 

impurities  in,  644. 

sulphas,  188. 

impurities  in,  645. 
Cupric  arsenite,  173,  190. 

compounds,  189. 

ferrocyanide,  190. 

hydrate,  190. 

oxide,  188. 

sulphate,  188. 

sulphide,  183. 
Cuprous  iodide,  187,  272. 

oxide,  188,  41 1 . 
Cupriuii  ammoaialum,  189. 
Cura9oa,  427. 
Curarine,  390. 
Curcuma  longa,  485. 
Gurcumin,  485. 
Curds,  412,  457. 

and  whey,  412,  457. 
Curd-soap,  464. 
Currant,  320,  345,  411. 
Curry-powder,  odor  and  flavor  of, 
475. 

CusparicB  cortex,  400. 
Cusparin,  400. 
Cusso,  479. 
/  Cutch,  355. 

Cyanates,  335. 
Cyanic  acid,  335. 
Cyanide  of  allyl,  453. 

mercury,  276. 

nickel,  232. 

potassium,  276. 

silver,  215. 
Cyanides,  275. 

analytical  reactions  of  metal- 
lic, 279. 

antidote  to,  280. 

double,  276. 

quantitative    estimation  of, 
568. 

Cyanogen,  276,  280. 


Cyanurets  (vide  Cyanides). 
Ci/doniiim,  406. 
Cymene,  472. 
Cymol,  472. 

Ci/pripedium  pubescens,  400. 
Cystin,  508. 

Dahlia,  404. 

Dalton's  atomic  theory,  50. 

law,  48,  49. 
Dandelion,  401. 
Danglisli's  bread,  411. 
Daphne  laureola,  479. 

mezeremn,  418,  479. 
Daphnetin,  418. 
Daphnin,  418. 
Datura  alba,  396. 

stramonium,  396. 
Daturia  or  daturine,  396. 
Davy's  safety-lamp,  23. 
Davyuin,  660. 
Deadly  nightshade,  392. 
Decantation,  107. 
Decimal  coinage,  530. 

weights,  530,  533. 
Decij)ium,  660. 
Decoctions,  517. 

Decolorizing  power  of  animal  char- 
coal, 110. 
Decrepitation,  368. 
Definition  of  cliemical  action,  36. 

a  chemical  compound,  57. 

a  chemical  equation  or  dia- 
gram, 57. 

a  chemical  symbol,  57. 

a  gas,.  58. 

a  liquid,  57. 

a  mixture,  57. 

an  atom,  57. 

an  element,  57. 

a  solid,  57. 

atomic  weights,  58. 

chemical  force,  56. 

chemistry,  56. 

combustion,  57. 

law  of  difliision,  57. 

molecular  weights,  58. 

quantivalence  of  atoms,  58. 
Deflagrating  Ilux,  373. 
Deflagration,  74. 
Deliquescence,  86. 
Delphine,  395. 
Denarcotized  opium,  379. 
Density,  542. 
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Density  of  vapors,  548. 
DentilViccs,  action  of,  238. 
Deodorizers,  29. 
Deoiloi'izing  liquid,  130. 
Deposits,  urinary,  506. 
Derivation  of  names  of  elements, 

'SI  el  seq. 
Derivatives  of  ammonium,  203. 
Desiccation,  583,  (JOG. 
Destructive  distillation,  126. 
Detonation,  74. 
De  Valangin's  solution,  165. 
De  Vrij's  process  for  estimating 

the  value  of  cinchona-bark 

and  the  purity  of  conmier- 

cial  quinine,  618. 
Dextrin,  405. 

maltose,  411. 
Dextro-raceniic  acid,  317. 
Dextrose,  411. 
Dextro-tartaric  acid,  317. 
Dliak  tree,  355. 
Dhatura,  396. 
Diabetic  urine,  504. 
Diagram,  chemical  definition  of, 

57. 

Diagrams,  chemical,  46,  47,  63,  64, 
69. 

Dialvsate,  633. 
DialVsis,  633. 
Dialytic  iron,  634. 
Dialyzed  iron,  634. 
Diamines,  378. 
Diamond,  29. 
Diastase,  405. 
Dibasic  acids,  260. 
Diba.sylous  radicals,  260. 
Dicenlva  formnxa,  395. 
Didymium,  660. 
Diethylamine,  377. 
Diethvlia,  .377. 
DifTu.sate,  633. 
Diffusion,  24. 

law  of  definition  of,  57. 
Digitalein,  410. 
Digitalin,  418. 
I)i{jil(ilinnm,  418. 
Digitalirctin,  418. 
DIf/ilnliK,  418. 
Digitonin,  419. 
Digitoxin,  419. 
Dill  oil,  471. 
Dinitrobenzol,  449. 
Dinitrocellulin,  409. 
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Diosphenol,  472. 
IHonpi/ros  embryoptcyis,  356. 
iJiptcroairpus  tet-'/s,  485. 

iurbinulus,  480. 
Disinfectant,  chlorine  as  a,  29. 
Disinfectants,  29. 
Disinfecting  fluid,  Burnett's,  130. 
carbolic  acid,  449. 
Condy's,  76,  228. 

powder,  111. 
Dissociation,  550. 
Distillation,  124. 

destructive,  126. 

dry,  126. 

fractional,  426. 
Distilled  vinegar,  295. 
Disulpliide  of  carbon,  310. 
Dita,  395. 
Ditain,  395. 
Ditamiiie,  395. 
Dithionic  acid,  343. 
Dock,  335. 
Dolomite,  115. 
Donovan's  solution,  168. 
Doreina  ammoniacwii,  481. 
Double  chloride  of  aluminium  and  ■ 
sodium,  135. 

cyanides,  276. 

salts,  78. 
Dover's  powder,  395. 
Drachm,  538. 
Draconyl,  483. 
Dragon's  blood,  478. 
Dried  alum,  137. 
Drops,  538. 
Dry  distillation,  126. 
Drying  apparatus,  583,  585,  606. 

oils,  466. 

precipitates,  582,  584,  588,  606. 
Dn/ohidanops  aromatica,  476. 
Duboisia,  396. 

inyoporoidrn,  396. 
Dulcamara,  398. 
Dulcamarin,  398. 
Dulong  and  Petit's  law,  550. 
Dyads,  121. 
Dver's  saflron,  485. 
Dyeing,  137,  287. 

by  mordants,  137. 
Dvnamic  electricity,  production  of, 

129. 

Dynairiicity,  56. 
Earth,  alkaline,  124. 
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Eai-tli,  bone-,  109. 

-nut  oil,  4G7. 
Earthenware,  351. 
Eau-de-Cologne,  470. 
Ebonite,  583. 
Ebullition,  277. 
Kcballium  ekUerium,  419. 
Ecboline,  478. 
Echiten  scholaris,  395. 
"  Eflervescing  citrate  of  magnesia," 
_  118. 

citro- tartrate  of  sodium,  86. 

potaah-water,  71,  585. 

soda-water,  85. 
Efflorescence,  86. 
Egg,  oil  of,  45G. 

white  of,  456. 

yolk  of,  456. 
Elseometer,  544. 
Elseoptens,  409. 
Elalerinum,  419. 

impurities  in,  645. 
Elaterium,  419. 
Elder-tiower  oil,  474. 
Elecampane,  404,  478. 
Electricity,  production  of  dvnam- 
ic,"r29. 

related   to   cheuiical  action, 
550. 

Elementary  particles,  37. 
Element,  definition  of,  .57. 
Elements,  13,  14,  30. 

and  tlieir  compounds,  59. 

classification  of,  100,  121,  124, 
255. 

according     to  analogy, 
100. 

according    to  quantiva- 
lence,  120. 
etymology  of  names  of,  30. 
of  medical  or  pharmaceutical 

interest,  14. 
metallic,  15. 
non-metallic,  15. 
of  pharmaceutical  interest,  14, 
symbols  of,  31,  46. 

atomic  values  and  weights 

of  the,  635. 
of,    and    derivation  of 
names  of,  31  et  seq, 

Elemi,  480. 
Elixirs,  517. 
Elm,  common,  407. 
mucilage,  407. 


Elm,  slippery,  407. 

-tannin,  355. 
Emetia,  395. 
Emetine,  395. 
Empirical  formulce,  428, 
Emplaslru,  517. 
I'-wplaatrum  pluinhi,  209. 
Emulsin,  416, 
Emulsion,  482. 
Enemas,  507. 
English  red,  485. 

blue,  486. 
Epsom  salt,  115. 

Equation,  chemical,  definition  of, 
57. 

Equations,  57. 
Equisetic  acid,  322, 
Equivalence,  56.      >^  / 
Equivalents,  ^85.  Ct^^/-' 
Erbium,  660, 
Ergot,  478. 
Ercjota,  478. 
Ergotin,  478. 
Ergotine,  478. 
Ergotinine,  478. 
Ericolin,  417. 
Erif/eron  canadense,  473. 
Erlangen  blue,  486. 
Erucic  acid,  467. 
Erythroretine,  335. 
Erythroxylon,  394. 

coca,  394. 
Esculin  {see  ^sculin). 
Eseria,  397. 

Essence  of  anisedd,  471. 

apple,  446. 

greengage,  446. 

melon,  446. 

mirbane,  448. 

nnilberry,  446. 

peppermint,  473. 

pineapple,  446. 

quince,  446. 
Essences,  446, 
EsHCHlia  anisi,  471. 

mentlifr  piperilce,  473. 
Essential  oils  (vkic  Oils). 
Estimation  of  weight,  528. 
Etcliing,  339. 
Etlial,  465, 
Ether,  432. 

nitrous,  434. 
Ethereal  salts,  438. 

oil,  453. 
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Etherol,  453. 
Ethers,  432,  43S. 
Etliiojis  mineral,  203. 
Ethyl,  428,  43C. 

acetate,  436. 

bronikle,  436. 

butyrate,  446. 

livdratc,  425. 

hydride,  438. 

iodide,  436. 

nitrite,  434. 

cenanthylate,  446. 

oxide,  432. 

pelargonate,  446. 

sebacate,  446. 

suberate,  446. 

sulphate,  428. 

zinc,  437. 
Etiivlamine,  377. 
Etliylate  of  sodium,  428. 
Ethylene,  453. 
Elhylia,  377. 
Ethylic  alcohol,  423. 
Etymology  of  names  of  elements,  31 . 
Eucalyptol,  473. 
Eucalyptus,  473. 

globulus,  473. 
Euchlorine,  292. 
Eudiometry,  491. 
Eugenic  acid,  472. 
Engenin,  472. 
Euodic  aldehyd,  474. 
Euonymin,  400. 
Eiionymus  alropwpurem,  400. 
Eiipalorinm,  40O. 
Euphorbium,  481. 
Euphorbon,  481. 
Euxantiiate  of  magnesium,  484. 
Evaporation,  70,  100,  583,  5S4. 

in  vacnn,  583. 
Everitt's  yellow  salt,  278. 
Examinations  of  the  Pliarniacent- 
ical  Society  of  Great  Brit- 
ain, 14  (vide  prefatory  mat- 
ter). 

Expansion  on  diluting  solution  of 

ammonia,  91. 
Explosions  of  gases,  22. 
Extract  of  malt,  406. 
Extracts,  517. 
Exlnictuin  r/lycyi  rhizce,  421. 
Jluirlnm,  431. 
pitnivi,  421. 
iSalurni,  208. 


Face-rouge,  334,  486. 
Fa3ces,  503. 

Falirenheit's  thermometer,  523. 
Farina  Irilici,  401. 
Fat-acids,  465. 

Fats   and    oils,    composition  of, 
462. 

Fats,  etc.,  to  determine  the  melt- 
ing-point of,  526. 
analysis  of,  635. 
Fatty  bodies,  462. 
Fehling's  solution,  630. 
Fd  boviii,  464. 

inspissal'um,  464. 
purijical.im,  464. 

impurities  in,  645. 
Felspar,  373. 
Fennel  oil,  473. 
Fermentation,  412. 
alcoholic,  428. 
ammoniacal,  426,  505. 
butyric,  426. 
lactic,  426. 
mannitic,  426. 
putrefactive,  426. 
viscous,  426. 
Fer  reduit,  155. 
Ferrate  of  potassium,  140. 
Ferri  acelaiis,  liquor,  147. 
line/lira,  147. 
arsenias,  142. 
bromidi,  syrnpus,  144. 
carbonas,  141. 

sctccliartitus,  142. 

impurities  in,  645. 
chloridi,  liquor,  146. 
chloridum,  146. 

impurities  in,  645. 
cibw,  151. 
cilralix,  liquor,  151. 
et  aminoaii  citrus,  151. 

impurities  in,  645. 
quantitative  estimation  of 

iron  in,  592. 
sulpluiH,  136. 

impurities  in,  645. 
turtra-t,  152. 

impurities  in,  (!45. 
el  polasmi  tdrtran,  152,  320. 

impurities  in,  645. 
et  quinincc  cilra-t,  151. 

impurities  in,  645. 
liquor,  153. 
el  slrychniim  cilraa,  151. 
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Ferri  et  strychni'nrc  cilran,  151. 

impurities  in,  G45. 
hypopJiosphiif,  342. 

impurities  in,  645. 
iodidum,  144. 

sacchuraiim,  144. 

impurities  in,  645. 
laclas,  345. 

impurities  in,  645. 
nilralix,  liquor,  154. 
oxalas,  313. 

ozidum  hydratum,  148. 

cum  magnenia,  148. 

ma(/neticum,  153. 
percJdoridi,  liquor,  146. 
peroxidum  hydrahim,  148. 
phosphas,  142,  152. 
polassio-tarlras,  152. 
pulvis,  155. 
pyrophosphnx,  156. 
subsulpfuUis,  liquor,  147. 
sulphas,  140,  577. 

impurities  in,  645. 

exsiccalus,  141. 

prtecipitaius,  141. 

impurities  in,  645. 
tersulphalis,  liquor,  147. 
vdlerianas,  359. 
Ferric  acetate,  147. 
cliloride,  144. 
citrate,  151. 
hydrate,  148. 
hypopliospliite,  342. 
iodate,  293. 
nitrate,  154. 
oxide,  150. 

from  phosphates  and  ox- 
alates,   separation  of, 
371. 
oxyiodate,  293. 
oxysnlpliate,  141. 
jDeroxyhydrate,  148. 
phosphate,  152,  328. 
pyrophosphate,  156. 
salts,  144. 

analytical    reactions  of, 
158. 
sulphate,  147. 
sulphocyanate,  158. 
tartrate,"  152. 
valerianate,  359. 
Ferricyanogen,  158,  339. 
Ferridcyanide  of  potassium,  158, 
276,  339. 


Ferridcyanides,  339. 
Ferrocyanide  of  potassium,  158, 
276,  339. 

of  zinc,  134. 
Ferrocyanitles,  337. 
Ferrocyanogen,  158,  337. 
Ferro-l'erric  hydrate,  153. 

oxide,  153. 
Ferrous  arseniate,  142,  576. 

bromide,  144. 

carbonate,  142,  576. 

chloride,  145. 

hydrate,  157. 

iodide,  144. 

phosphate,  142. 

salts,  140. 

analytical    reactions  of, 
157. 

sulphate,  140,  577. 

sulphide,  143,  157. 
Ferrum,  32,  139. 

redudim,  155,  592. 

impurities  in,  645. 

tarturaiwm,  320. 

estimation  of  iron  in,  592. 
Ferula  nurthex,  481. 

snmbul,  481. 
I  Ferulaic  acid,  481. 
Fibrin,  456. 

vegetable,  459. 
Flcu.%  411. 

elastica,  483. 
Fig,  411. 
Filicic  acid,  467. 
Filter,  to  dry,  582. 
Filtering-paper,  106,  582. 
Filters,  106,  582. 
Filtrate,  122. 
Fine  gold,  241. 
Fire-clay,  197. 
Fire-damp,  438. 

Fixed  and  volatile  oils,  difference 

between,  466. 
Fixed  oils,  468. 
Flame,  structiu'e  of,  23. 
Flaxseed,  466. 
Fleabane,  473. 

Fleitmann's    (est   for  areenicum, 
171. 

Flexible  collodion,  410. 
Flint,  351. 
Flares  zinci,  132. 
Flour,  401. 

Flowers  of  sulphur,  298. 
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Fluid  magnesia,  117. 
Fluoride  of  borou,  330. 

calcium,  103. 

ill  bones,  109,  340. 

silicon,  340. 
Fluorides,  339. 
Fluorine,  340. 

derivation  of  word,  33. 
Fluor-spar,  340. 
Fvenictdwn,  473. 
Foil,  copper,  187. 
Food,  analysis  of,  635. 

elements  of,  459. 

how  disposed  of  in  the  bodies 
of  animals,  503. 
Force,  chemical,  37. 
Forge-scales,  153. 
Formates,  336. 
Formic  acid,  335,  468. 
Formicu  rnfa,  335. 
Formula,  chemical,  definition  of, 
57. 

official,  28. 

officinal,  28. 
Formulfe,  41,  45,  615. 

construction  of,  55,  62. 

empirical,  428,  616. 

graphic,  135. 

rational,  428,  615. 

typical,  377. 
Form'yl,  442. 
Fousel  oil,  445. 
Fowler's  solution,  164. 
Foxglove,  419. 
Fractional  distillation,  426. 
Frangula,  418. 
Frankincense,  Arabian,  482. 

common,  481 . 
Frankland's  graphic  formulie,  135. 
Fraxinus  onixx,  415. 
Free  acids  estimated,  563. 
Freezing-mi.xtnrc,  302. 
French  chalk,  487. 

turpentine,  475. 
Fruit- essences,  446. 
Fuchsine,  481. 
Fume-cupboard,  99. 
Fuming  sulphuric  acid,  307. 
Funnel-tuijes,  23,  90. 
"Fur"  in  water-vessels,  312. 
Furniture  of  a  laboratory,  xii. 
Fusel  oil,  445. 

Fu.sibility  of  metals,  Tabh-  of  the, 
527. 

58  » 


Fusible  white  precipitate,  202. 
Fusing-points  of  fats,  526. 
Fustic,  484. 

Gab  tree,  356. 
Galactometer,  544. 
Galactose,  413. 
Galbanum,  482. 
Galena,  206. 

argentiferous,  212. 
Galenical  preparations  of  the  Brit- 
ish Pharmacopceia,  517. 
Galipot,  478. 
Gall,  of  the  ox,  404. 
Galla,  354. 
Gallic  acid,  356. 
Gallium,  G60. 
Gallon,  530. 
Galls,  Aleppo,  354. 

English,  354. 
Gall-stones,  516. 
Galvanic  test  for  mercury,  204. 
Galvanized  iron,  128. 
Gambier,  355. 
Gamboge,  481,  484. 
Gambogic  acid,  481. 
Garancin,  485. 
Garcinia  Hanburii,  481. 
Gdrcinia  indica,  466. 
oil,  466. 

inorella,  481. 

pictoria,  481. 

purpurea,  466. 
Garden  thyme,  475. 
Garlic,  essential  oil  of,  453. 
Gas,  a  definition  of,  57. 

analy.sis,  357,  491. 

-burners,  16,  23. 

for  balloons,  coal-,  23. 

illuminating,  438. 

-lamp,  18,  23. 
Gases  and  vapors,  density  of,  522, 
548. 

collection  of,  16,  19. 
correction  of  the  volume  of, 
548. 

for  pressure,  548. 

Ibr  tcmijeraturc,  548. 
dilTusion  of,  24. 
law  of  solubility  of,  in  liquids, 
85. 

relation   of,   to  liquids  and 

solids,  43,  44. 
specific  gravity  of,  548. 
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Gastric  juice,  460. 

artificial,  460. 
Gaulthevia  procumbens,  446 
Gaultlieric  acid,  446. 
Gay-Lussac's  law,  52 
Gelatin,  459. 

sugar,  464. 

vegetable,  407. 
Gelatinized  starch,  404. 
Gelatinous  substances,  459. 
Gelseminia,  396. 
Gelseminic  acid,  396. 
Gelsemium,  396. 
Gentian-bitter,  420. 
Genliana  lutea,  420. 
Oentiance  radix,  420. 
Gentianic  acid,  420. 
Genliogenin,  420. 
Gentiopicrin,  420. 
Gentisic  acid,  420. 
Gentisin,  420. 
Geraniol,  473. 
(ieraniiim  maculaium,  356. 
German  silver,  232. 
Gin,  427. 
Gingelly  oil,  467. 
Ginger  oil,  475. 

-grass  oil,  473. 
Girdwood  and  Rogers's  method  for 

detecting  strychnine,  498. 
Glacial  acetic  acid,  296,  526. 

phosphoric  acid,  327. 
Glass,  351. 

liquor,  352. 

rods,  108. 

soluble,  352. 

tubes,  to  bend,  17. 
to  cut,  17. 
to  draw  out,  108. 
Glauber's  salt,  264. 
Globulin,  457. 
Glucinum,  660. 
Glucose,  411. 
Glucosides,  416. 
Glue,  460. 

Gluten  and  glutin,  401. 
Glyceric  alcohol,  454. 
Glycerin,  209,  454. 
Glycerins,  453. 
Giycerinum,  455. 

impurities  in,  645. 
Glyceritum,  455. 

amyli,  455. 

vilelli,  455. 


Glyceryl,  453,  462. 

caproate,  465. 

caprylate,  465. 

hydrate,  455,  462. 

hydrato-oxalate,  336. 

laurate,  465. 

myristate,  465. 

oleate,  462. 

palmitate,  465. 

riein(jleate,  465. 

rutate,  465. 

tristearate,  462. 
Glycliolates,  464. 
Glycocine,  464. 
Glycocoll,  464. 
Glycol,  453. 
Glycols,  453. 
Glycyl,  454. 
Glycocin,  455. 
Glycyrretin,  421. 
Ghjcyrrluza,  421. 

Glycyrrhizate  of  ammonium,  421. 

lime,  421. 
Glycyrrhizin,  421. 
Glycyn-hizinum  ammoniatum,  421 . 
Gnoscopine,  380. 
Goa  powder,  335. 
Gold,  241. 

and  sodium  chloride,  242. 

analytical  reactions  of,  242. 

coin,  241. 

derivation  of  word,  34. 

earth,  241. 

fine,  241. 

jewellers',  241. 

leaf,  241. 

mosaic,  240. 

ochre,  484. 

perchloride,  242. 

sulphide,  242. 

yellow,  484. 
Golden  seal,  393. 
Goldthread,  393. 
Gooseberry,  320,  345. 
Gossypium,  409. 

impurities  in,  646. 

rndicix  cortex,  479. 
Gothite,  149. 
Goulard's  cerate,  208. 

extract,  208. 

water,  20S. 
Gracillaria,  407. 

Graham's  dialytic  process,  633. 
law  of  difiiision,  24. 
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Gmins,  529. 

of  paradise,  473. 
Gramme,  532. 

relation  of,  to  grains,  534,  535. 
Grunali  cortex,  355. 
Gniiudain,  355. 
Granite,  135. 

Granulated  phosphorus,  325. 

citrate  of  magnesium,  118. 

tin,  238. 

zinc,  20. 
Granulose,  405. 
Grape,  345,  412. 
Grapes,  dried,  412. 
Grape-sugar,  411. 
Graphic  formulie,  135. 
Graphite,  29. 
Grass  oil,  472,  475. 
(travel,  506. 

Gravimetric  analysis,  520,  581. 
Gravitation,  528. 
Gravity,  528. 
Gray  powder,  195. 
Green  copperas,  141. 

chloride  of  iron,  144. 

iodide  of  iron,  144. 
of  mercury,  193. 

pigments,  486. 

soap,  46.3,  464. 

sulphate  of  iron,  140. 

vitriol,  141. 
Greengage  essence,  446. 
Griffith's  mixture,  142. 
Grindelin,  400. 
Groundnut  oil,  467. 
Group  tests,  220. 
Guaiaci  lignum,  421. 

resince,  421. 
Guaiacin,  421. 
Guaiacol,  449. 
Guaiaconic  acid,  421. 
Guaiacum,  resin  of,  421. 
(fuaiaretic  acid,  421. 
Guaiaretin,  421. 
Guaiaretinic  acid,  421. 
(Juano,  358. 
Guarnna,  398. 
Guilandina  bonchtreUa,  400. 
Guinea  grains,  473. 
Giilancha,  400. 
Gum,  407. 

-acacia,  112. 

-arable,  112. 

British,  405. 


Gum,  cherry-tree,  407. 

-resins,  481. 

-tragacanth,  112,  407. 
Gunimate  of  calcium,  112,  407. 

lead,  112. 
Gumniic  acid,  407. 
Gun-cotton,  410. 

-metal,  238. 

-powder,  287. 
Gurjun  balsam,  480. 
Gutta  perclia,  483. 
Guttw,  538. 

GijmcarcUa  odorata,  400. 
Gypsum,  103. 

H.'EMATEIN,  487. 
Hiematite,  brown,  138. 

red,  138. 
Hiematoxylon,  355,  486! 
Hiematoxylin,  355,  486. 
Half-sovereign,  weight  of  the,  242. 
I-Ialoid  salts,  284. 
Humamelk,  400. 
Plambro'  blue,.  487. 
Hardness  of  water,  312. 
Hard  soap,  464. 
Heat,  latent,  84. 

related  to  chemical  action,  550. 

source  of,  21. 
Heavy  carbonate  of  magnesium, 
116. 

magnesia,  118. 

spar,  101. 

white,  101,  487. 
Heberden's  ink,  158. 
Hectare,  532. 
TIedeoma,  400. 
Helenin,  473. 
Hellebore,  black,  421. 

green,  421. 

white,  421. 

American,  396. 
Helleborein,  421. 
Helleborin,  421. 
JlcUehoniif  nir/er,  421. 

viridis,  421. 
ITe.mideismi'  radix,  336. 
ITemidesmic  acid,  336. 
Hemlock,  394. 

pitch,  481. 
Hemp,  ("anadian,  400. 

Indian,  478. 
Hempseed  cahndi,  516. 
Henbane,  390. 
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Henry  and  Dalton's  law,  85. 
Herapathite,  3S5. 
Hesperidene,  471. 
J-Ievea  Braziliensis,  4S3. 
Heterologous  sei-ies,  438. 
Hexyl,  438. 

Hibiscus  esculent  us,  407. 
High  blackberry,  356. 
Plippiiric  acid,  330,  508,  511. 
Hips,  414. 

Hoflniann's  anodyne,  434. 
Hofliier's  blue,  487. 
Homologou.s  series,  438,  468. 
Homoquinine,  388. 
Honey,  414. 

dew,  414. 
Hop,  481. 

essential  oil  of,  481. 
Hordeam  decorticatum,  402. 

starch  of  (fig.),  403. 
Horehonnd,  401. 
Horsemint,  475. 
Horseradish  oil,  438,  471. 
Hubbuck's  oxide  of  zinc,  132. 
Humidus  liipidiis,  481. 
Hydrargyri  cidoridum  corrosiviim, 
i!)7. 

impurities  in,  646. 
VI  He,  198. 

impurities  in,  646. 
cyanidum,  276. 

impurities  in,  646. 
iodidum  rubrum,  194. 

impurities  in,  646. 
viride,  193. 

impurities  in,  646. 
niirali  acidus,  liquor,  196. 
nilrnlis  liquor,  196. 
oxidum  flavam,  200. 
rubrum,  199. 

impurities  in,  646. 
percMoridum,  197. 
siibcJdoridum,  198. 
subnulphas  flamis,  197. 

impurities  in,  646. 
sulphas,  196. 

impurities  in,  646. 
sulphurelum  cum  sulpkure,  203. 
sulphidum  rvbrum,  203. 

impurities  in,  646. 
unguenlum,  191. 
Hydrargyrum,  33,  191. 
impurities  in,  618. 
ammoniaium,  202. 


Hydrargi/rum  ammoniaium,  impur- 
ities in,  646. 

cum.  creUt,  191. 
Hydrastia,  393. 
Hydrastis  canadensis,  393. 
Hydrated  peroxide  of  iron,  148. 

substance.s,  84. 
Hydrate  of  aluminium,  137. 

ammonium,  90. 

benzoyl,  334. 

cadmium,  245. 

calcium,  106. 

cetyl,  465. 

chromium,  236. 

cobalt,  230. 

glyceryl,  455. 

manganese,  229. 

nickel,  232. 

potassium,  61. 

sodium,  81. 

zinc,  134. 
Hydrates,  compo.sition  of,  65,  81. 

identified,  375. 
Hydraulic  dement,  351. 
Hydric  acetate,  chloride,  nitrate, 
sulphate,  etc.  (%!ide  the  respec- 
tive acids — Acetic,  Hydrochlor- 
ic, etc.). 
Hydride  of  antimony,  181. 

arsenicum,  170. 

benzoyl,  416,  482. 

cinnamyl,  482. 

copper,  342. 

ethyl,  438. 

methyl,  437. 

phosphorus,  341. 

silicon,  352. 
Hydrides,  121,  438. 
Hvdriodic  acid,  269. 
Hydrium,  20. 

Hydrobromic  acid,  265,  565. 

volumetric  estim.  of,  565. 

ether,  438. 
Hydrocarbons,  469. 
Hvdrochl orate  of  morphine,  385. 
Hydrochloric  acid,  29,  262. 

analytical  reactions  of,  264. 

antidote  to,  265. 

common,  262. 

dilute,  262. 

in  organic  mixtures,  detection 
of,  495. 

volmnetric  estimation  of,  565. 
Hydrocotarnine,  380. 
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Hydriw.olyle  asiutica,  400. 
llyilrocyanic  acid,  275. 

analytical  reactions  of,  279, 
49(3. 

antidotes  to,  2S0. 
dilute,  277. 

from  bitter  almond  and  cher- 
ry laurel,  417. 

in  organic  mixtures,  detection 
of,  495. 

in  the  blood,  280. 

Schonbein's  test  f'oi;,  280. 

volumetric  estimation  of,  567. 
Hydroferridcyanic  acid,  338. 
Ilydroferrocyanic  acid,  337. 
Hydrofluoric  acid,  337. 
Hydrogen,  20. 

antimoniuretted,  187. 

arseniu  retted,  173. 

benzoate,  borate,  etc.  (vide 
the  respective  acids — Ben- 
zoic, Boracic,  etc.). 

combustion  of,  21. 

derivation  of  word,  31. 

explosion  of,  22. 

functions  of,  121. 

in  artiiiclal  light-producers, 
22. 

lightness  of,  23. 
peroxide,  102. 
persulphide,  299. 
pliosphoretted,  341. 
preparation  of,  20. 
proi)erties  of,  21. 
quantitative  estimation  of,  in 
organic  compounds,  611  et 

!<erj. 
salts  of,  260. 
siliciuretted,  .352. 
sulphuretted,  95,  295. 
type,  377. 

useil  lor  balloons,  23. 

weight  compared  with  air,  24. 
of  1  litre,  548. 
of  100  cubic  inches,  .548. 
ITi/drnf/cnium,  20. 
Ilydroquinone,  417,  450. 
Hydrometers,  544. 
Hydrosulphnric  acid,  298. 
Hydrosulphyl,  299. 
Hydrous  chloral,  44.3. 

compounds,  84,  121. 
Hydroxyl,  299. 
Hyoscyamia,  390. 


j  ITyosc.yimuis,  396. 
Hyoscine,  396. 
Hyoscyamincc  fttdphas,  396. 

impurities  in,  646. 
Hyoscyamine,  396. 
Hyper-,  meaning  of,  145. 
Hypo-,  meaning  of,  342. 
Hypobromites,  268. 
Hypocliloride  of  sulphur,  301. 
Plyjjochlorite  of  calcium.  111. 

sodium,  86. 
Hypoclilorites,  289. 
Hypochlorous  acid,  289. 
Ilypophospliite  of  calcium,  341. 
iron,  342. 
magnesium,  341. 
potassium,  341. 
sodium,  341. 
Hypopliosphites,  342. 

syrup  of,  342. 
Hypophosphoric  acid,  349. 
Hypophosphorous  acid,  340. 
Hyposulphite  of  calcium,  300. 
sodium,  342. 

standard  solution  of,  578. 
Hyposulphites,  342. 
Ilyposulphurous  acid,  342. 

-I'c,  meaning  of,  75,  140. 
Icacin,  480. 
Iceland  moss,  335. 
Ichlhyncolla,  459. 

impui-ities  in,  646. 
-ide,  meaning  of,  75. 
If/asurine,  390.  < 
lynalia,  388. 
Ignition^,  100. 
lllicium  anisalnm,  471. 
Illuminating  agents,  analysis,  635, 
Incense,  482. 
Inch,  538. 
Incineration,  100. 

of  lillers  in  quantitative  analy- 
sis, 582,  588. 
Indelible  ink,  214. 
India-rubber,  483. 

vulcanized,  483. 
Indian  barberry,  393. 

cannabis,  478. 

corn-smut,  478. 

gamboge,  481. 

heiiq),  478. 

ink,  487. 

ipecacuanha,  395. 
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Indian  nmslard,  453. 

liquorice,  420. 

pennywort,  400. 

red,  485. 

yellow,  484. 
Indican,  287. 
Indigluein,  287. 
Indigo,  287. 

sulphate  of,  287. 

-blue,  287. 

-white,  287. 

wild,  400. 
Indigogen,  287. 
Indigolin,  288. 
Indium,  660. 

Infusible  white  precipitate,  202. 
Infusions,  517. 
Inhalation  of  chlorine,  28. 

coniine,  395. 

hydrocyanic  acid,  279. 
Inhalations,  517. 

Jiijfciio  morphia  hypoclermica,  380. 
Ink,  black,  158,  355. 

Heberden's,  158. 

indelible,  214. 

Indian,  487. 
.invisible,  231. 

marking,  214. 

printer's,  487. 

sympathetic,  231. 
Inorganic  chemistry,  375. 

compounds,  375. 
Insecticide,  479. 
Introduction,  13. 
Inula  helenium,  404,  473. 
Innlic  anhydride,  473. 
Inidin,  404. 
Inulol,  4o7. 
Invei'ted  sugar,  411. 
lodal,  445. 

lodate  of  potassium,  74,  293. 

lodates,  293. 

Iodic  acid,  293. 

Iodide  of  ammonium,  270. 

arsenicum,  163. 

bismuth  and  potassium,  502. 

cadmium,  246. 

ethvl,  436. 

hvdroo-en,  269. 

iron,  31,  144,  571. 

lead,  209. 

mercury  and  potassium,  194. 
potassiimi,  73,  571. 
silver,  215. 


Iodide  of  silver,  detection  of  chlo- 
ride in,  271. 

starch,  405. 

sulphur,  271. 
Iodides,  270. 

analytical  reactions  of,  271. 

of  mercury,  193,  204. 

quantitative  estimation  of,  601 . 

separation  of,  from  bromides 
and  chlorides,  273. 
Iodine,  30,  269. 

chloride,  270. 

derivation  of  word,  31. 

its  analogy  to  chlorine  and 
bromine,  269. 

solution  of,  271,  579. 

standard  solution  of,  579. 

test  of  purity,  269. 

tincture  of,  171,  580. 

volumetric  estimation  of,  579. 

-water,  271. 
Iodized  starch,  405. 
Iodoform,  429,  443. 
lodojhnninn,  429,  443. 

impui'ities  in,  646. 
lodosulphate  of  chinoidine,  619. 
lodum,  269. 

impurities  in,  646. 
locli.nium,  269. 
IpeccLcuanhi,  395. 
Ipoinea  oriziibenfiii',  421. 

purga,  421. 

simulans,  421. 

hirpelhinn,  197. 
Iridin,  400. 
Iridium,  245. 
Iris  fiorenlina,  473. 

versicolor,  400. 
Irish  moss,  407. 
Irisin,  400. 
Iron,  138. 

acetate,  147. 

acetonitrate,  154. 

alum,  136. 

ammonio-citi'ate,  151. 

-tartrate,  152. 
analytical  reactions,  157. 
arseniate,  142,  167. 

volumetric  estimation  of, 
576. 

black  hydrate,  153. 

oxide,  153. 
bromide,  144. 
carbonate,  141,  576. 
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Iron,  cast,  139. 
chlorides,  144. 
citrates,  151. 

compounds,  nomenclature  of, 
140. 

derivation  of  word,  32. 
detection  of,  in  presence  of 

aluminium  and  zinc,  159. 
galvanized,  128. 
hydrated  peroxide  of,  148. 
Jiypophosphite,  342. 
in  ofKcial  compounds,  estima- 
tion of,  570,  592. 
iodate,  293. 
iodide,  30,  144,  559. 
lactate,  345. 
magnetic  oxide,  153. 

estimation  of  iron  in,  576. 
nitrate,  154. 
ore,  magnetic,  138. 

needle,  149. 

spathic,  139. 

specular,  139. 
oxide  of,  153. 
oxyhydrates,  148. 
oxysnlphate,  141. 
perchloride,  146. 
perhydrate,  148. 
pernitrate,  154. 
peroxide,  150. 
peroxyhydrate,  148. 
persulphate,  146. 
phosphate,  142,  152,  328. 

volumetric  estimation  of, 
676. 

from  phosphates  and  oxalates, 
separation  of  peroxide  of, 
371. 

potassio-citrate,  151. 

-tartrate,  152. 
protected  from  rust,  139. 
pyrites,  139. 
pyrophospliate,  156. 
(liiantitative  estimation  of,  576, 
592. 

and  quinine,  citrate  of,  151, 

384. 
red  oxide,  150. 
reduced,  155. 
rust,  1,39. 

saccharated  carbonate,  142. 
volumetric  estimation  of, 
576. 

salts,  nomenclature  of,  140. 


Iron,  scale  compounds  of,  160. 

separation  oi"  from  alumin- 
ium lind  chromium,  273. 

sodio-citrate,  151. 
-tartrate,  151. 

-stone,  clay,  l39. 

Bubcarbonate,  141. 

subsulphate,  147. 

sulphate,  141. 

volumetric  estimation  of, 
577. 

sulphide,  143. 

Bulphocyanate,  158,  280. 

tartrate,  151. 

tersulphate,  147. 

wrought,  139. 
Isinglass,  459. 
Isomerides,  407. 
Isomerism,  407. 
Isomers,  physical,  407. 
Isomorpliism,  the  doctrine  of,  54. 
Isomorphous  bodies,  64,  330. 
Jsoiiuiidra  (jvttu,  483. 
Ispaghtil,  407. 
•ite,  meaning  of,  75. 
Ivory-black,  487. 

Jaborandi,  397. 

Jaborine,  397. 

Jalap,  Mexican  male,  422. 

resin,  422. 

Tampico,  422. 

true,  422. 
Jalapci,  422. 
JahipcE  rrslna,  422. 
Jalapic  acid,  422. 
Jalapin,  422. 
Jalapinol,  422. 
James's  powder,  180. 
Japaconiline,  h92. 
Jaunc  brilliant,  245. 
Jelly,  459. 

vegetable,  407. 
Jervia,  396. 
Jervine,  396. 
.luglandine,  396. 
Juglans,  396. 
Juices,  517. 
.lunijjcr  oil,  473. 
JiinipeniH,  473. 

mbina,  ,473. 

KainiT;  61. 
Kuladana  resin,  422. 
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Kali,  32. 
Kalium,  31. 
Kamala,  479. 
Kaolin,  352. 
Karivat,  400. 
Kelp,  2G9._ 
Kermes  mineral,  179. 
Kerner's  test  for  purity  of  sul- 
phate of  quinine,  (324. 
Kieserit,  115. 
Kilbride  mineral,  149. 
Kiln,  105. 

Kilogramme,  532,  533. 
Kilolitre,  540. 
Kilometre,  532. 
Kinate  of  quinia,  383. 
Kinetic  theory,  24. 
King's  blue,  487. 
Kino,  355. 
Kinone,  417. 
Kiwach,  238. 
Kokum  butter,  4G5. 
Kola-nut,  398. 
Kooso,  479. 
Kosin,  479.  • 
Koussin,  479. 
Kousso,  479. 
Krameria,  355. 

Labarraque's  solution,  86. 
Laboratory  furniture,  xii. 
Lac,  457,  48G. 
Luc-dye,  48G. 
Lactates,  345. 
Lactic  acid,  346,  565. 

volumetric  estimation  of,  565. 
Lactometer,  458. 

Lactophosphate  of  calcium,  110. 
Lactose,  412. 
Lacto-glucose,  413. 
Lacluca,  400. 
Laducariuin,  400. 
Lactucin,  400. 
Ladies'  slipper,  400. 
Loevogyrate,  411,  412. 
Lsevoracemic  acid,  317. 
LfEvorotation,  412. 
Lsevotartaric  acid,  317. 
Laevulose,  411. 
Lakes,  137. 
Lamjiblack,  487. 
Lamps,  gas-,  17,  23. 
Lnna  philonophica,  132. 
Lanthanum,  660. 


Lanthopine,  380, 
Lappa.  400. 
Larch-bark,  356. 
Lard,  464. 

benzoated,  464. 

oil,  464. 

prepared,  464. 
LaricU  cortex,  356. 
Larix  cwopcea,  474. 
Larixin,  356. 
Larixinic  acid,  356. 
Latent  heat,  84. 
Laudanine,  380. 
Laudanosine,  380. 
Laughing-gas,  92.  , 
Laurate  of  glyceryl,  465. 
Laurel-camphor,  476. 
Laurie  aldehyd,  474. 
Laurie  acid,  465,  468. 
Laurocemsi  folia,  417. 
Lavandula,  470. 
Lavender  oil,  470. 

-water,  470. 
Lavoisium,  660. 

Law,  Avogadro's  and  Ampere's, 
52. 

Berthollet's,  376. 
Boyle's,  52. 
Charles's,  52. 

of  chemical  combination  by 
weight,  47  el  neq.,  58. 
by  volume,  51  ct  seq.,  58. 

concerning  molecular  weight, 
54,  538. 

of  constant   proportions,  48, 

519,  582. 
Dalton'sa47,  48. 
of  diffusion,  definition  of,  57. 
Dulong  and  Petit's,  550. 
Gav-Lussac's,  50. 
Graham's,  24. 
Henry  and  Dalton's,  85. 
]\Ialaguti's,  376. 
Mariotte's,  52. 

multiple  proportions,  48,  194, 
286. 

reciprocal  proportions,  48. 
solubility  of  gases  in  liquids, 
85. 

Laws  of  cliemical  combination, 

47,  52,  53. 
Lead,  206. 

acetate,  207. 

analytical  reactionsof,  210, 494. 
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Lead,  antidotes  to,  211. 
curbonale,  "207. 
chloride,  210. 
cliroinate,  211. 
derivation  of  word,  32. 
gnmmate,  112. 
hydrato  carbonate,  207. 
in  ornanic  mixtures,  detection 

0(^495. 
iodide,  209. 
nitrate,  208. 
oleate,  209. 
oxide,  20S. 
oxyacetate,  208. 
oxvclironiate,  211. 
plaster,  209. 

piioe-colored  oxide  or  perox- 
ide of,  208. 

pyrophoriis,  155. 

quantitative  estimation  of,  559, 
597. 

red,  208,  485. 

sliot,  206. 

siibacetate,  207. 

sugar  of,  207. 

sulphate,  211. 

sulphide,  211. 
native,  206. 

test  for,  in  water,  211. 

-tree,  211. 

volumetric  estimation  of  solu- 
tions of  acetate  of,  559. 

-water,  208. 

white,  206. 
I>cadstone,  138. 
Leaf-green,  486. 
Lecnnora,  486. 
Lees,  315. 
I^egumin,  459. 
Lemon-chrome,  210. 

-juice,  321. 

estimation    of  mineral 
acid  in,  605. 

oil,  470. 
Lengtii  unit,  531. 
Lentisi<  tree,  479. 
J-epidolite,  223. 
Lfj)liin(lra  virf/inica,  40L 
Lei)landrin,  40L 
Levant  worniseed,  423. 
Levisticum,  482. 
Levulose,  412. 
Lichen  lilue,  487. 
Lichenin,  404. 

59 


Light   carbonate   of  magnesium, 
116. 

carburetted  liydrogen,  438. 

magnesia,  118. 
Lignin,  409. 
Lime,  caustic,  105. 

bisulphite,  303. 

chloride  of,  ]  1 1. 

-juice,  321. 

estimation     of  mineral 
acid  in,  605. 

-kiln,  105. 

oil,  470. 

quick-,  105. 

slaked,  Ido. 

superphospliate  of,  324. 

volumetric  estiniatious,  559. 

-water,  105. 
Limestone,  103. 

magnesian,  115. 

mountain,  115. 
Limonis  cortex,  470. 

succus,  321. 

impurities  in,  646. 
Limonite,  149. 
Line,  538. 

Liniment  of  mercury,  191. 
Liniments,  517. 
Linimentum  ammonicE,  463. 

ccdcis,  463. 
Linoxin,  466. 
Linseed,  466. 

cake,  466. 

oil,  466. 

tea,  407. 
LInum,  466. 

usiialiR.v'mnin,  407. 

impurities  in,  646. 
Liqueurs,  427. 
Liqnidambar  orienUile,  483. 
Liquid  camphor,  476. 

definition  of,  57. 
Liquids,  specific  gravity  of,  542. 

ofiicial,  specific  gravity  of,  543. 
Liquor,  aridi'  (irKeninHi,  165. 

ammonue  cilralls,  93. 

ammonii  acetalh,  91. 

impurities  in,  646. 

untimonii  chloiidi,  177. 

estimation   of  anti- 
mony in,  594. 

armmii.  c.t  hijdmruyri.  iodidi,  163. 

ccdcis,  105. 

impurities  in,  617. 
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Liquor,  cdrls  chhralm,  1 1 2. 

impurities  in,  G47. 
foiTi  uccUilin,  147. 

impurities  in,  G47. 
chloridi,  14(). 

impurities  in,  647. 
citratis,  151. 

impurities  in,  G47. 
et  qniniim  cilralLs,  151. 
estimation  of  iron  in, 
592. 
nitralis,  154. 

estimation  of  iron  in, 
592. 

impurities  in,  647. 
subsiUphalin,  147. 

impurities  in,  647. 
lersulplialis,  147. 

estimation  of  iron  in, 
592. 

impurities  in,  647. 
griUa-perchce,  483. 
Iiydrargyri  nitralis,  196. 

impurities  in,  647. 
percflloridi,  198. 
indi  cnmpositus,  276,  580. 
lit/iia  ejffh-vescens,  223. 
marjnesicE  carbonatis.  117. 
maxpicsii  citratis,  118. 
morphioi  ncelatis,  380. 

hydrochloratis,  380. 
pepsini,  461. 

impurities  in,-  647. 
plumbi  subacelalis,  208. 

dilutns,  208. 
polassw,  61,  67. 

impurities  in,  647. 
effervesr.ens,  71 . 

neutralizing  power 

of,  556. 
specific    gravity  of, 
543. 

to  prepare  pure,  67. 
polassii  arsenUi.s,  164. 
citratis,  72. 

impurities  in,  647. 

sodce,  81. 

impurities  in,  647. 
volumetric  estima- 
tion of,  560. 
chloratce,  86. 
fffervescens,  85. 
sodii  arseniatis,  166. 
silicutis,  352. 


Liquor,  sndii  silicutis,  impurities 
in,  647. 

strychnince,  390. 

zinci  chloridi,  130. 

impurities  in,  647. 
Liquorice,  414,  420. 

sugar,  414. 
List  of  apparatus,  xi. 

cliemicals,  xiii. 
reaa;ents,  xiii. 
Litharge,  206. 
Litliates,  358. 
Lithii  benzoas,  223. 

impurities  in,  648. 

bromidum,  223. 

impurities  in,  648. 

carbnvas,  223. 

impurities  in,  648. 

citras,  223. 

impurities  in,  648. 

salicylas,  223. 

impurities  in,  648. 
Lithic  acid,  358. 
Lithium,  223. 

analytical  reactions  of,  224. 

benzoate,  223. 

bromide,  223. 

carbonate,  223. 

citrate,  223. 

derivation  of  ^vord,  33. 

flame,  224. 

fluoride,  223. 

salicylate,  223. 

silicate,  223. 

sulphate,  223. 

urate,  224. 
Litmus,  94,  486. 

-jjaper,  94. 

solution  of,  94. 
Litre,  relation  of,  to  pints,  532. 
Liver  of  sulphur,  67. 
Lixiviation,  86. 
Load.stone  or  Lodestone,  138. 
Loaf-sugar,  411. 
Lobelia^  397. 

vinegar,  295. 
Lobelina,  397. 
Lobeline,  397. 
Logwood,  29,  486. 

solution  of,  bleached  by  chlo- 
rine, 29. 
Long  pepper,  397. 
Looking-gla.sses,  238. 
Lotio  hydragyri  nigra,  200. 
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Loiiis;x-l)hie,  486. 
Lozeni;es,  517. 
Lucii'ers,  "24. 
Liigol's  solution,  271. 
Lunar  caustic,  214. 
Lupulin,  481. 

oleo-resin  of,  481. 
Liipuliue,  397. 
Lupulinic  acid,  481. 
liiipidiimm,  481. 

impurities  in,  G48. 
Lupnlua,  401,  481. 
Luteolin,  484. 
Luting,  96. 

lire-clay,  197. 

linseed-meal,  96. 
Lijcopotlium,  4!36. 

impurities  in,  64S. 

M.\CR,  465. 

fixed  oil  of,  465. 

volatile  oil  of,  473. 
Mnch,  473. 
Madder,  485. 
Magenta,  487. 
Magnesia,  118. 

effervescing  eitr.ate,  118. 
impurities  in,  648. 

calcined,  118. 

fluid,  117. 

hydrous  carbonate,  116. 
levis,  1  ]  6. 
pnmlerosa,  118. 
Magnesian  limestone,  115. 
Mtujaesii.  carboiim,  116. 

impurities  in,  648. 
levix,  116. 
cnrhonntis,  liquor,  117. 
citruH  (irarmlaiiin,  118. 

impurities  in,  643. 
sulphax,  115. 

impurities  in,  G48. 
sidjyliix,  303. 

impurities  in,  618. 
iVlagnesite,  115. 
Magnesium,  115. 

analytical  reactions  of,  119. 
and  ammonium  ar.scniatc,  1 19. 
ammonium  phosphate, 
119. 
carhonate,  119. 
diloride,  115. 
citrate,  118. 

derivation  of  word,  32. 


Magnesium,  detection  of,  in 
presence  of  barium  and 
calcium,  122. 

cu.xanthate,  484. 

for  analytical  purposes,  171. 

hypophosphite,  34l. 

limestone,  llo. 

o.Kide,  118. 

phosphate,  in  bones,  109. 
purrate,  484. 

quantitative  estimation  of,  589. 

separation  from  barium  and 
calcium,  119,  122. 

silicate,  351. 

sulphate,  115,  589. 

sulphite,  303. 
Magnetic  iron  ore,  138. 

oxide  of  iron,  153, 
MLKjnolia,  401. 

Magpie  test  for  mercury,  204. 
Maize-smut,  478. 

-starch  (fig.),  403. 
Malachite,  187. 
Malaguti's  law,  376. 
Malate  of  atropine,  392. 

nicotine,  397. 
Malates,  345. 
Male  fern  oil,  467, 
Malic  acid,  345. 
Mallow  tea,  407. 
Malt,  406. 

extract  of,  400. 

substitute,  411. 
Maltose,  411,  630. 
Mallum,  406. 

Manganate  of  polassium,  76,  227. 
Manganese,  228. 

analytical  reactions  of,  228, 

black  oxide  of,  228. 

Crum's  test  for,  230. 

derivation  of  word,  33. 

quantitative  analysis  of  black 
oxide  of,  590. 

sulphate,  229. 

impurities  in,  648. 
Manqani  oxidum  niyriim,  228. 

'mlphw,  229. 
IManganous  chloride,  228. 

hydrate,  229. 

siilphide,  229. 
^langosteen  oil,  466. 
j\[an.ihol  starch  (fig.),  403. 
Manna,  415. 

impurities  in,  648. 
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Mannite,  415. 

Mannitic  iermentation,  426. 
IVIanuliifturing  chemists,  14. 
Manures,  analysis  of,  635. 
Maranla  starcli  (fig.),  403. 
Marascliino,  4-7. 
Marble,  103.  • 
Margarine,  465. 
Margosa-barlv,  400. 
Marigold,  4uO. 
JMarine  soap,  466. 
Mariotte's  law,  52. 
Marjoram,  473. 
Marking-ink,  214. 
Marl,  135. 
Marrubein,  401. 
Murruhiim,  401. 
Marseilles  soap,  404. 
Marsh-gas,  438. 
Marshniallow,  407. 
Marsh's  test  for  arsenicnm,  169. 
Massa  Jerri  carbonalis,  142. 

copaiba',  480. 

hijdrarrjyri,  191. 
Massicot,  206. 
Mastic,  479. 
Ma>itiche,  479. 
i\hvslicliic  acid,  479. 
Masticin,  479. 
Mate,  398. 
Malica  folia,  401. 
Matico,  400. 

Matricaria  chmnomiUa,  471. 
Mauve,  487. 
May-apple,  479. 
Meadow-sweet,  oil  of,  446. 
Measurement  of  temperature,  522. 
Measures,  529  et  scq. 
Mechanical  and  chemical  combi- 
nation, difference  between, 
30,  35. 

medicines,  238. 
!Meconate  of  morphine,  385. 
Meconic  acid,  346,  498. 
Meconidirie,  380. 
Meconine,  380. 
Meconoisine,  380. 
Meerschaum,  351. 
Md,  414. 

impurities  in,  648. 

deapmnalum,  4l4. 
Mclam,  353. 
Melasses,  414. 
Melegueta  pepper,  473. 


Melia  azedariwh,  401. 
Mel i am,  473. 
Melissic  acid,  468. 
Melting-points,  Table  of,  526. 

of  fats,  etc.,  to  determine,  526. 

of  metals,  527. 
Meli.ssyl,  palinitate  of,  465. 
Melon-essence,  446. 
Memoranda,  analytical,  256,  361. 
Meninpermum  canademe,  393. 
Mentha,  473. 
Meiiilac  piperilcB,  473. 

viridis,  473. 
Mentliene,  473. 
Menthol,  473. 

Mercuric  ammonium,  chloride  of, 
191,  202. 

chloride,  197,  201. 

cyanide,  276. 

hexiodide,  270. 

iodide,  193,  201. 

o.xide,  199. 

oxynitrates,  196. 

oxysulpliate,  197. 

nitrate,  195. 

salts,  192. 

analytical    reactions  of, 
204,  494. 

sulphate,  196. 

sulpliide,  203. 
Mercurius  vilce,  177. 
Mercurous   ammonium,  chloride 
of,  202. 

chloride,  197,  201. 

chromate,  205. 

iodide,  193. 

nitrate,  195. 

oxide,  200. 

salts,  192. 

analytical    reactions  of, 
203. 

sulphate,  196. 

sulphide,  203. 
Mercury,  191. 

amido-chloride,  202. 

anunoniated,  202. 

annuonio-chloride,  202. 

analytical  reactions  of,  205. 

antidotes  to,  205. 

basic  suliiiiate,  197. 

bhick  oxide,  200. 

carbonates,  205. 

cyanide,  276. 

chlorides,  201. 
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Mercury,  doi-ivntion  of  word,  32. 
liexiodiik',  '270. 
iodides,  l'J3,  201. 
galviinic  test  for,  204. 
iiiiigpie  test  for,  204. 
native  sulphide,  191. 
nitrates,  105. 

notnenclature  of  salts  of,  191. 
of  life,  177. 

in  organic  mixtures,  detection 
of, '494. 

oxides,  201. 

oxynitrates,  196. 

oxysulpliate,  197. 

oxysulpliide,  203. 

quantitative  estimation  of,  595. 

subchloride,  198. 

sulphates,  196. 

sulphide,  191,  203. 

yellow  oxide,  200. 
Mela-,  meaning  of,  239. 
Metaboracic  acid,  330. 
Metachloral,  444. 
Metaciunauiein,  4S2. 
Metadiliydroxylbenzol,  450. 
Metallic  elements,  15. 
Metalloids,  15. 
Metals,  15. 

of  minor  pharmaceutical  im- 
portance, 222. 

quantitative  estimation  of,  581. 

Table  of   the   fusibility  of, 
527. 

Metamerides,  408. 
Metamerism,  408. 
Metantinionic  acid,  178. 
Metapiiosphates,  34G. 
MetapluLsphoric  acid,  346. 
Mcta.stannates,  239. 
Metastannic  acid,  239. 
Meta.stvr()l,  483. 
Metathesis,  77,  289. 
Metavanadatcs,  330. 
Methyl,  438. 

conia,  395. 

liydride,  438. 

-orange,  500. 

-protocatechuic  aldehyd,  300. 

salicvlate,  44(). 
Methylaniine,  378. 
Methylated  spirit,  439. 

sweet  sjiirit  of  nitre,  440. 
IVfethylenc,  dicliloride  of,  442. 
Methylic  alcohol,  439. 
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Methylic  alcohol,  detected  in  pres- 
ence of  ethylic  alcohol,  439. 
Metre,  531. 

relation  of,  to  inches,  531,  533. 
Metric  system,  530  el  seq. 

of  weights  and  measures, 
its  relation  to  the  Eng- 
lish or  United  States, 
631  et  seq. 
weights  and  measures  of, 
530  et  seq. 

Mevm,  482. 
Mezereon,  479. 
iMezereum,  479. 
Mica,  135. 

panis,  412. 
Microcosniic  salt,  309. 
Microscopic  examinations  of  uri- 
nary sediments,  508. 
Microscopy  of  starclies,  403. 
Microspectroscope,  492. 
Mindererus's  spirit,  91. 
Milk,  457. 

-sugar,  412. 

-sulphur,  298. 
Mimotannic  acid,  355. 
Mineral  acids,  detection  of,  in  or- 
ganic mixtures,  495. 

chameleon,  228. 

kerme.s,  179. 

Kilbride,  149. 

purple,  486. 

rouge,  486. 
Minerals,  general  analysis  of,  367 
el  seq. 

special  analysis-of,  307. 
Minim,  538. 
Minium,  206. 
Mint,  473. 

Mirbane,  essence  of,  448. 
Mistura  Jerri  aromalicd,  158. 
cmnposila,  142. 

pot'jsnii  cilrnlis,  322. 
Mixture,  definition  of,  57. 

diflerent  from  chemiail  com- 
bination, 30. 
Mixtures,  517. 
Mohr's  burette,  555. 
Moist  sugar,  411. 
Molasses,  414. 
Molecular  volume,  55. 

weight,  54,  2()1,  549. 

weights,  deliuitiou  of,  68. 
Molecule,  definition  of,  57. 
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Molecules,  41,  57. 

Molybdate  of  aniinoninm,  329. 

sodium,  3'iy. 
Molybdenum,  G(iO. 

sulphide,  3"29. 
Molybdic  acid,  501. 
Monads,  121. 
Monamines,  378. 
Moiiiirda,  475. 
Monobasic  acids,  260. 
Monobasylous  radicals,  260. 
Monobrom-camphor,  476. 
Mononitrocellulin,  409. 
Monsel's  solution,  147. 
Mordants,  137. 
Mori  succus,  485. 
Morphina,  380. 

impurities  in,  648. 
Morphince  aueta^,  3S0. 

hydrocldoma,  381. 

mlphafs,  381 . 
Morphine  or  Morphia,  380. 

acetate,  380. 

analytical  reactions  of,  381, 
498. 

liyd  rochlorate,  38 1 . 
in  organic  mixtures,  detection 
of,  497. 

quantitative  estimation  of,  627. 
Mosaic  gold,  240. 
Mn.tandnim,  660. 
Moschus,  459. 

mnsckifcrust,  459. 
Mother-liquor,  107. 
Motion  from  heat,  84. 
Mottled  soap,  464. 
Mountain-blue,  487. 

-limestone,  1 15. 
Mucic  acid,  415. 
Mucilage  of  bael,  407. 

gum-acacia,  112. 

linseed,  407. 

marshmallow,  407. 

quince,  407. 

slippery  elm,  407. 

.starch,  404. 

squill,  407,  424. 

tragacantli,  112. 
MucU(t(jo  acackc,  112. 

amyli,  404. 

tragacanllice,  112. 
Miiciina  pnriens,  238. 
Mulberry  calculus,  516. 

-essence,  446. 


Mulberry-juice,  485. 

-sugar,  41 1. 
Mulder's   process  for  e.stimating 

alcohol,  632. 
Multijale  pi'oportions,  law  of,  48, 

194,  286. 
Murexid,  358. 
Musk,  459. 

deer,  459. 
Mustard,  453. 

artilicial  oil  of,  453. 

essential  oil  of,  453. 

fixed  oil  of,  467. 

"plaster,"  453. 
Miilahi-h  cichorii,  477. 
Mi/rcia  ncris,  427. 
Myristate  of  glyceryl,  465. 
Myristic  acid,  468,  473. 
Myristica,  473. 
Myristicene,  473. 
Myristicol,  473. 
Myristin,  465. 

Myroiiale  of  potassium,  453. 
Myrosin,  453. 
Myrnxylon  Pereirce,  482. 

Toluifcra,  482. 
Mvrrh,  482. 
iMyn-hfi,  482. 
Myrrh  ic  acid,  482. 
Myrtiis  communis,  473. 

Naphthalic  acid,  333. 
Naphthalin,  333. 
Narceia,  380. 
Narcotine,  380. 
Natal  aloes,  452. 
Nataloin,  452. 
Nafrium,  32. 
Natural  philosophy,  42. 
NucUmdra  Rodicei,  393. 
Nectandria,  397. 
Necluiidrice  r.oi  lex,  393. 
Needle  iron  ore,  149. 
Negative  radicals,  448. 
Neptunium,  660. 
Neroli  oil,  471. 
Nessler  test,  558. 
Neutral  chromate,  102. 
Neutralization,  94. 
Nickel,  232. 

analytical  reactions  of,  232. 

ar.senio-sulphide,  232. 

cobalticyanide,  232. 

cyanide,  232. 
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Nickel,  derivation  of  word,  'M. 
hydrate,  '2'i'l. 

seiiuration  of,  from  cobalt,  233. 
sidj)hide,  232. 
Nickur  nuts,  400. 

Nicotia,  nicotine,  nicotina,  or  nico- 

lylia,  397. 
Nicotiaiiii  Idlxicum,  397. 
Nieshnic  bitters,  393. 
jS'ihilitm  albtui),  132. 
Nim,  400. 
Niobium,  661. 

Nitrate  of  ammonium,  92. 

arireiit  -  amnion  -  anunonium, 
2U3. 

barium,  102. 

bismutli,  247. 

cadmium,  246. 

iron,  154. 

lead,  208. 

mercury,  195. 

potassium,  60,  284. 

silver,  213. 

standard  solution  of,  567. 

sodium,  SI,  282. 

strontium,  225. 
Nitrates,  284. 

analytical  reactions  of,  285. 

quantitative  estimation  of,  601. 
Nitre,  284. 

cni)ic,  284. 

sweet  spirit  of.  348,  434. 
Nitric  acid,  285. 

antidotes  to,  288. 
in  organic  mixtures,  de- 
tection of,  495. 
volumetric  estimation  of, 
565. 

aniiydride,  286,  287. 

o.\i(ie,  preparation  of,  286. 

])ero.\'i(le,  286. 
Nitrite  of  amvl,  446. 

ethyl,  348. 

pota.ssium,  348. 
Nitrites,  3  is. 

analytical  reactions  of,  .347. 
Nitrobenzol,  450. 

in  oil  of  bitter  almonds,  test 
for,  417. 
Nitrocelhdin,  409. 
Nitrogen,  25. 

derivation  of  word,  31. 

in  the  atmosphere,  26. 

o.xidcs,  286. 


Nitrogen,  peroxide,  286. 
preparation  of,  25. 
properties  of,  26. 
(piantitative  estimation  of,  in 

organic  compounds,  615  el 

secj. 

relative  wei.glit  of,  26. 
Nitroliydrochlorlc  acid,  183,  285. 
Nitronniriatic  acid,  285. 
Nitrous  acid,  286. 

anhydride,  286. 

ether,  347. 

oxide,  286. 
Nomenclature  of  .salts : — 

alkaloids,  378. 

anhydrides,  84. 

anhydrous  bodies,  84. 

-ate,  73. 

6/-,  72. 

carbonization,  evaporation,  ig- 
nition, incineration,  100. 

double  salts,  78. 

hydrates,  65. 

hydrous  bodies,  84. 

hyper-,  145. 

-ic,  -ous,  72,  75,  140. 

-Ide,  -lie,  75,  140. 

iron  salts,  140. 

mercury  compounds,  192. 

per-,  145. 
Non-drying  oils,  466. 
Non-metallic  elements,  15. 
Non-metals,  15. 

Nordhausen  sulphuric  acid,  307. 

Norvvegium,  661. 

Notation,  41  et  seq. 

Notes,  analytical,  256,  361. 

Nutmeg,  exj)ressed  oil,  473. 

■oil  of,  473. 
Nutrition,  pla.'itic  elements  of,  459. 
Nux  vomica,  3^8. 

Oak-bai!k,  -354. 

black,  484. 
Oatmeal,  402. 
Occlusion,  244,  245. 
Ochre,  484. 
Octohedral,  169. 
GMianthylic  acid,  468. 
Official  li((uids,  specific  gravity  of, 
543. 

substances,  volumetric  estima- 
tion of,  554,  556,  563,  566, 
572,  575. 
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OflScial  formula,  28. 
Officinal  forniula,  28. 
Oil,  ajowan,  471. 

ajwain,  471. 

allspice,  472. 

almond,  466. 

amber,  352. 

aniseed,  471. 

aracliis,  467. 

apple,  440. 

bay,  473. 

benne,  467. 

bergamot,  471. 

bitter  almond,  416. 
artificial,  448. 

boldo,  472. 

buchn,  472. 

cacao,  465. 

cajupnt,  472, 

cake,  466. 

camphor,  476. 

cannabis  indica,  478. 

capsicum,  394. 

caraway,  472. 

cardamoms,  472. 

cascarilla,  472. 

cassia,  472. 

castor,  467. 

cedra,  471. 

chamomile,  471. 

chenopodium,  475. 

cinnamon,  472. 

citron,  471. 

citronella,  472. 

cloves,  472. 
.  cocoa-nut,  405. 

cod-liver,  406. 

copaiva,  472. 

coriandei',  472, 

cotton-seed,  466. 

croton,  400. 

cubeb,  472. 

cummin,  472, 

dill,  471. 

earth-nut,  467. 

eggs,  456. 

elder-flower,  474, 

etiiereal,  458. 

eucalyptus,  473. 

fennel,  473. 

garcinia,  460. 

garlic,  453. 

geranium,  473. 

gingelly,  407. 


Oil,  ginger,  475. 

ginger  grass,  473. 
grains  of  paradise,  473. 
ground-nut,  407. 
liop,  481. 
horsemint,  474. 
horseradisii,  452,  471. 
Indian  hemp,  478. 
jaborandi,  397, 
juniper,  473. 
lard,  404. 
lavendei",  473. 
lemon,  470. 
lemon-grass,  475. 
lime,  470. 
linseed,  406. 
lycopodium,  466. 
mace,  fixed,  465. 

volatile,  473. 
male-fern,  467. 
mangosteen,  400. 
meadow-sweet,  440. 
melissa,  475. 
mustard,  artificial,  453. 

fixed,  407. 

volatile,  474. 
myrcia,  473. 
myrtle,  473. 
neroli,  470. 
nutmeg,  473. 

fixed,  405. 

volatile,  473. 
olibanum,  482. 
olive,  407. 
omum,  471. 
orange-flower,  471. 

-rind,  471. 
origanum,  473. 
orris,  473. 
pennyroj'al,  473. 
pepper,  397. 
peppermint,  473. 
petit  grain,  471. 
pilocarpine,  397. 
j^imento,  472. 
jjtychotis,  471. 
rose,  473. 
rosemary,  474. 
rue,  474. 
saflron,  485. 
sandal-wood,  474. 
santal,  474. 
sa.ssafras,  474. 
savine,  474. 
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Oil,  sesame,  407. 

sluirk  liver,  467. 

speuriiiint,  473. 

sperm,  4(j5. 

star-iiniso,  471. 

sweet-llag,  474. 

tar,  481. 

tcel,  4(57. 

tlieobroma,  4C5. 

thyme,  475. 

turmeric,  475. 

tur[)eiitine,  475. 

valerian,  475. 

verbena,  475. 

vitriol,  307. 

water-hemlock,  472. 

wine,  453. 

winter-green,  448. 

wormseed,  475. 
Oils  and  tats,  composition  of,  4G2. 
Oils,  analysis  of,  0o5. 

drying,  4C(). 

essential,  469. 

tested  for  alcohol,  470. 

fixed,  466. 

non-drying,  466. 

volatile,  4'()9. 

process  for,  469. 
Ointments,  517. 
Okra,  407. 

Olea  (leslitln/a,  impurities  in,  649. 
Oleate  of  glvccrvl,  462. 

of  lead,'  209'. 
Oleates,  403. 
OlaUiiiii  hi/drartjyri,  403. 

vemlriniF,  463. 
Olefiant  gas,  453. 
Oleic  acid,  462. 
Oleine,  462. 
Oleo-reains,  479. 
Oleoi  eslna  cmpidii,  460,  481. 

cdjmci,  481. 

citbeke,  481. 

liipidini,  481. 

pi  perk,  481. 

zhujiherix,  48 1 . 
Oleum  (ulipix,  464. 

celheream,  453. 

impurities  in,  049. 

amtjr/ilalcn  am'ine,  416. 
diilcis,  406. 
exprr.Hxiuii,  406. 

anflropnf/i  cllr(ilin,  475. 
impurities  in,  049. 


Oleum  unelhi,  471. 

anid,  471. 

anihemidiit,  471. 

aracliis,  407. 

anraniii  coriicis,  471. 
florum,  47 1. 

berc/ainil,  471. 

cajupiUi,  472. 

cariii,  472. 

cnnjophylli,  472. 

chenopodii,  475. 

cirniumomi,  472. 

cupaibce,  472. 

coriandri,  472. 

crotonis,  400. 

cubebce,  472. 

erifjerontin,  473. 

eucalypti,  473. 

fceniculi,  473. 

gaulttierite,  440. 

impurities  in,  049. 

(jnanypii  seminis,  466. 

hcdeomcE,  473. 

jimiperi,  473. 

lavanduke,  473. 
florum,  473. 

impurities  in,  649. 

limonis.  470. 

lini,  460. 

macis,  465,  473. 

menlhce  piper  ike,  473. 
viridix,  473. 

morrhum,  466. 

myrcicB,  473 

myriaticie,  473. 

expresmm,  465. 

myrli,  473. 

w/i'j)te,  467. 

impurities  in,  049. 
phnnphorutinii,  325 . 
;j/c/.s  lirpiid(r,  474. 
pimenUe,  472. 
pidegii,  473. 
ricini,  407. 
rosce,  473. 
roii'inarivi,  474. 
?')<^e,  474. 
sabinm,  474. 
mntidi,  474. 
snmifrm,  474. 
nemmi,  407. 
sinapis  volatile,  474. 

impurities  in,  049. 
lerebinlimm,  475. 
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Oleum  Iheobromce,  405. 

impurities  in,  649. 

ihymi,  475. 

tiytii,  406. 

Valeriana;  475. 
Olibanum,  482. 
Olive-oil,  467. 
Omentum,  464. 
Onium  oil,  482. 
Opal,  351. 
Ophelia  chiraia,  348. 
Ophelic  acid,  348. 
Opianic  acid,  380. 
Opiaiiine,  380. 
Opii  pulvis,  379. 
Opium,  379. 

detection  of,  in  organic  mix- 
tures, 497. 

denarcotimliim,  379. 

estimation   of  morphine  in, 
627. 

impurities  in,  649. 

vinegar.  295. 
Orange-chrome,  210. 

-flower,  471. 
oil,  471. 

-rind  oil,  471. 
Orchil,  486. 
Orcin,  48G. 
Orchis  tuber,  407. 
Ordeal-poison,  397. 
Orellin,  485. 
Organic  analysis,  611. 

bases,  377. 

chemistry,  376. 

compounds,  376. 
Origanum,  473. 
Orpiment,  484. 
Orris,  butter  of,  473. 

oil  of,  473. 
Ortho-,  meaning  of,  347. 
Ortho-dihydrbxylbenzol,  450. 
Ortliophosphates,  347. 
Orthophosphoric  acid,  347. 
Orthovanadates,  330. 
Oryza,  starch  of  (lig.),  403. 

sativ(t,  402. 
Os  usliim,  109. 
0.sminm,  245,  661. 
Otto  of  rose,  473. 
Ounce,  529. 
Ourari,  390. 

-nw,  meaning  of,  75,  140. 
Ovum,  45G. 


Ox-bile,  464. 

-gall,  464. 
Oxalate  of  ammonium,  94. 

barium,  313. 

calcium,  313. 

cerium,  226. 

iron,  313. 

potassium,  313. 

silver,  313. 

sodium,  313. 

strontium,  225. 
Oxalates,  313. 

analytical  reactions  of,  313, 
496. 

from  phosphates  and  ferric 
oxide,  separation  of,  371. 

quantitative  estimation  of, 
607. 

Oxalic  acid,  313. 

antidotes,  314. 
chemically  pure,  313. 
in  organic  mixtures,  de- 
tection of,  495. 
standard  solution  of,  556. 
Oxide  of  aluminium,  137. 

antimony,  178. 

bismuth,"  249. 

calcium,  105. 

chromium,  234. 

copper,  188. 

iron,  black,  153. 

lead,  206. 

magnesium,  118. 

manganese,  228. 

mercury,  199. 

silicon,  351. 

silver,  214. 

tin,  239. 

zinc,  132. 

Ilubbuck's,  132. 
Oxides  identified,  373. 
Oxides  of  nitrogen,  286. 
Oxidizing  flame,  369. 
Oxvacetate  of  copper,  188. 

"  of  lead,  208. 
Oxyacid  salts,  284. 
Oxyacids  of  .sulphur,  343. 
Oxycarbonate  of  bismuth,  249. 
Oxychloride  of  antimony,  177. 
O.xychromate  of  lead,  210. 
Oxygen,  16. 

derivation  of  word,  31. 

from  ozone  and  antozone,  272. 

in  the  air,  U),  26. 
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Oxygen,  its  relation  to  animal 
and  vegetablo  lil'e,  1"J. 

preparation  of,  16. 

properties  of,  20. 

quantitative  estimation  of,  in 
organic  compounds,  Gil  et 
se(2. 

solubility  in  water,  19. 
specitic  gravity  of,  24. 
weight  of  100  cubic  inches, 
549. 

Oxygenated  water,  102. 
Oxyhydrates  of  iron,  148. 
Oxyioilate  of  iron,  293. 
Oxymel,  414. 

of  squill,  414. 
Oxvnitrates  of  mercury,  196. 

■  bismuth,  248,  249. 
Oxysalts,  284. 
Oxysulphate  of  ii'on,  141. 

mercury,  197. 
Oxysulphide  of  antimony,  179. 

mercury,  203. 
Ozokerite,  465. 
Ozone,  272,  512. 

Palas  tree,  355. 
Palladium,  245,  601. 
Palm-oil,  465. 
Palmitate  of  cetyl,  465. 

glyceryl,  465. 

melissyl,  465. 
Palmitic  acid.  468. 
Palinitin,  465. 
Pancreatin,  461. 
Pansy,  551. 
Papaine,  461. 
Papuver  rhceas,  485. 

somniferitm,  379. 
Papaverine,  380. 
Fapaveris  mpnulce,  379. 
Paper,  bibulous,  106. 

for  liltering,  106,  582. 
Papers,  test-,  94. 
Para-,  meaning  of,  317. 
Paracyanogen,  278. 
Paradihydrcxylbenzol,  450. 
Paraguay  tea,  398. 
Parallin,  424. 
Paratartaric  acid,  317. 
Pareivd,  393. 
Paricine,  .393. 
Parictinic  acid,  335. 
Parigenin,  424. 


Parilla,  393. 
Paris  blue,  486. 

red,  486. 
Particles,  elementary,  46. 
Paullinia  sorbilis,  398. 
Paul's  method  for  estimating  the 
purity  of  sulphate  of  qui- 
nine, 624. 
Patent  sugar,  413. 
Pear  wine,  529. 
Pearlash,  61. 
Pearl-barley,  402. 

-sago  starch  (fig.),  403. 

-white,  248,  487. 
Peas,  459. 
Pectin,  407. 
Pelargonic  acid,  468. 
Pelletierine,  355. 
Pellitory-root,  479. 
Pelosia,  393. 
Pelosine,  393. 

Pentachloride  of  antimony,  177. 
Pentathionic  acid,  313. 
Pepo,  401. 
Pepper,  black,  397. 

cayenne,  394. 

cubeb,  397. 

long,  397. 

oil  of,  397. 

resin  of,  481. 

white,  397. 
Peppermint  oil,  473. 
Pepsin,  460. 

Pepsinum  sacchnralum,  461. 

impurities  in,  649. 
Peptone,  461. 
Per-,  meaning  of,  145. 
Perbromates,  268. 
Percha  tree,  483. 
Perchlorate  of  potassium,  29U 
Perchloric  acid,  291. 
Perchloride  of  gold,  242. 

iron,  144. 

platinum,  243. 

tin,  239. 
Perfumes,  470. 
Perhydrate  of  iron,  148. 
Periodide  of  ammonium,  270. 

mercury,  270. 

potassium,  270. 
Permanganate   of  potassium,  76, 
227. 

its  use  in  volumetric  an- 
alysis, 572. 
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Pernitrate  of  iron,  154. 
Peroxide  of  barium,  102. 

liydrogen,  102. 

iron,  149. 

liyd  rated,  148. 

lead,  20S. 

nitrogen,  286. 
Peroxyhydrate  of  iron,  148. 
Persian  berries,  484. 
Personne's  solution,  571. 
Persulphate  of  iron,  140. 
Persulphide  of  liydrogen,  299. 
Peru,  balsam  of,  482. 
Pervuine,  482. 
Petal  ite,  223. 
Petit's  method  for  estimation  of 

morphine  in  opium,  628. 
Peiroliitiim,  448. 

impurities  in,  649. 
Petroleum  benzin,  448. 

ether,  448. 

ointment,  448. 
Pettenkofer's  test  for  presence  of 

bile,  464. 
Pcimms  boldiis,  472. 
Pewter,  176,  206,  238. 
PhiBoretine,  335. 
Pharaoh's  serpents,  353. 
Pharbilisi.il,  422. 
Pharbitis  nil,_  422. 
Pharmaceutical  chemists,  14. 

Society  of  Great  Britain,  ex- 
aminations of,  14. 
Pharmacists,  14. 
Pharmacy,  14. 
Phenic  acid,  449. 

alcohol,  449. 
Phenol,  449. 
Phenolthalein,  566. 
Phenyl,  449. 
Philippinm,  661. 
Phosphate  of  ammonium,  93. 

barium,  329. 

calcium,  103,  109,  329. 

iron,  142,  329. 

magnesium  and  ammonium, 
119. 

and     ammonium  from 
oxalates     and  ferric 
oxide,    sejiaration  of, 
371. 
in  bones,  109. 
silver,  215. 
sodium,  110. 


Phosphate  of  .sodium,  how  pre- 
pared  froni   pliosphate  of 
calcium,  110. 
Phosphates,  324. 

analytical  reactions  of.  32'5. 
quantitative  estimation  of,  60  x 
Pliospliide  of  zinc,  325. 
Phosphites,  348. 

test  for,  349. 
Pliosphomolybdic  acid,  501. 
Phosphoretted  hydrogen,  341. 

oil,  325. 
Phosphoric  acid,  25,  326,  348. 
diluted,  326. 

quantitative  estimation  of 
free,  608. 

anhydride,  24,  348. 
Phosphorous  acid,  348. 
Phosphorus,  24,  324. 

combustion  of,  24. 

derivation  of  word,  31. 

detection  of,  in  organic  mix- 
tures, 497. 

granulated,  325. 

impurities  in,  649. 

pill,  325. 

properties  of,  24. 

red  or  amorphous,  327. 

trihvdride,  341. 
Phthalic  acid,  333. 
Phyllocyanin,  486. 
Phylloxanthin,  486. 
Physical  isomerides,  407. 
Physics,  43. 
Phywutigma,  397. 
Physostigmia,  397. 
Physostigmine,  397. 

salicylate,  397. 

impurities  in,  649. 
Phylollamt,  401. 
Phytolaccin,  401. 
Picric  acid,  450. 
Picrotin,  422. 
Picrofoxiinim,  422. 

impurities  in,  649. 
Pigments,  484. 
PigmeniHin  nigrxm,  487. 
Pills,  517. 
Pilocarpine,  397. 
Pihcarpime  hydrocMoms,  397. 

impurities  in,  649. 
Pilncarpiis,  397. 
Piliikf  aloes  el  ferri.  141. 

cathartiem  composilcn,  199. 
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Piliilce  anlimonii  compoai'lm,  199. 

Jerri  composilce,  142. 
ml  id  I,  31. 

phosphori,  325. 

pliunbi  cum  opio,  207. 
Pinuiric  acid,  478. 
Piineiila,  472. 
Pimento,  472. 

oil,  472. 
Piinpinella  animm,  471. 
Pineiipple,  essence  of,  446. 
Pinic  ucitl,  478. 
Pinipicrin,  474. 
Pink  saucers,  486. 

the  common,  424. 
Pinkroot,  398. 
Pins,  238. 
Pint,  538. 
Finu.s,  475,  478. 
Piper  nigrum,  397. 
Piperia,  397. 
Piperic  acid,  398. 
Piperidia,  398. 
Piperidine,  398. 
Piperina,  397. 

impurities  in,  649. 
Piperin,  397. 
Pipsissewa,  417. 
Pislachia  lerebinthus,  474. 
Pitch,  481. 

Burgundy,  479. 
Pituri,  397. 
Pix  biirc/undica,  479. 

cnnculermig,  481. 

liquida,  481. 
Ptantar/o  ispac/hnla,  407. 
Plants  and  animals,  complemen- 
tary action  on  air,  19. 
Plaster  of  ammoniacum  and  mer- 
cury, 191. 

mercury,  191. 

Paris,  f03,  487. 
PIa.sters,  209,  517. 
Plastic    elements    of  nutrition, 
459. 

Platinic  salts,  244. 
Platinons  salts,  244. 
Platinum,  243. 

analytical  reactions  of,  244. 

and  ammonium  chloride,  97, 
580. 

and  potassium  chloride,  77. 
black,  244. 

derivation  of  word,  34. 
60 


Platinum  foil,  76,  2 13. 

perciiloride,  244. 

residues,  to  recover,  245. 

spongy,  245. 

sulphide,  244. 
Pleurisy-root,  400. 
Plumliago,  30. 
Pluinbi.  acelas,  207. 

impurities  in,  649. 

carbonas,  207. 

impurities  in,  649. 

emplaslrum,  209. 

iodidiim,  209. 

impurities  in,  650. 

nitras,  208. 

impurities  in,  650. 

oxidum,  206. 

impurities  in,  650. 

subaceUUis,  liquor,  208. 
"Plummer's  pills,"  199. 
Plumbic  peroxide,  208. 

acetate,   sulphate,   etc.  (vide 
Salts  of  Lead). 
Plumbum,  33. 
Pocida  emetica,  176. 
Podophyllum,  479. 
Poison-ivy,  .357. 

-oak,  357. 
Poisonous  alkaloids  497,  500. 
Poisons,  antidotes  to  [vide  Anti- 
dotes, detection  of,  in  or- 
ganic mixtures,  493  et  seq.). 
Polyl)asic  acids,  261. 
Polybasylous  radicals,  261. 
Polychroite,  485. 
Polygcda  aenec/a,  424. 
Polygalic  acid,  424. 
Polymerism,  408. 
Polymorpliism,  409. 
Polymorphous  bodies,  409. 
Polysulphide  of  calcium,  300. 
Pomegranate  rind,  355. 
Pomegranate-root  bark,  355. 
Porcelain,  .351. 
Port  wine,  427. 
Porter,  427. 
Portland  cement,  351. 
Positive  radicals,  449. 
Potash  alum,  1.35. 

solution  of  caustic,  67. 
to  prepare  jjure,  67. 

sul[)liurated,  67. 

volumetric  estimation  of  solu- 
tion of,  560. 
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Potash-water,  07. 
Potashes,  61. 
Polasm,  67. 

impurities  in,  650. 
cum  cuke,  67. 

impurities  in,  650. 
snlphnrala,  67. 

impurities  in,  650. 
PolamB  (vide  Polassii). 
effevvescens,  liquor,  71. 
liquor,  61,  67. 

to  prepare  pure,  67. 
prnssias  flava,  276,  337. 
Potassic  hydrate,  etc.  {vide  Salts 

of  Potassium). 
Polassii  acelas,  68. 

impurities  in,  650. 

volumetric  estimation  of, 
562. 
bicnrboii.as,  70. 

impurities  in,  650. 
bichromax,  234. 

impurities  in,  650. 
bitartrax,  61,  73,  79,  315. 

impurities  in,  650. 
bromiiluvi,  75,  569. 

impurities  in,  650. 
carbon<u%  61. 

piira,  61. 

impurities  in,  651. 
chlorns,  290. 

impurities  in,  051. 
cilra.%  72. 

impurities  in,  651. 
cyanidnm,  270. 

impurities  in,  651. 
et  sodii  tarlrciK,  73,  85. 

impurities  in,  651. 
ferrocijnnldiim,  276. 

impurities  in,  651. 
hypoplinsphisi,  341. 

impurities  in,  651. 
iodidii.m,  73. 

impurities  in,  651. 
nitras,  72,  284,  603. 

impurities  in,  051. 
permaiix/dtKiK,  7(i,  227. 

impurities  in,  (;51. 

volumetric  estimation  of, 
562. 

sidphax,  72,  284. 

impurities  in,  651. 
mdphis,  303. 

impurities  in,  651. 


PoUmdl  mlphis,  volumetric  estima- 
tion of,  574. 

tari.rai,  73. 

impurities  in,  652. 
Potassio-citrate  of  iron,  152. 

-cnpric  tartrate,  630. 

-tartrate  of  antimony,  178,  310. 

-tartrate  of  iron,  152. 
Potassium,  60. 

acetate,  68. 

acid  carbonate,  {vide  Bicarbo- 
nate). 

tartrate,  79. 
analytical  reactions  of,  77. 
antimoniate,  87. 
bicarbonate,  70,  560. 

chemically  pure,  561. 
hicliromate,  234. 
bitartrate,  79,  315. 
borotartrate,  331. 
broinate,  75. 
bromide,  75. 
carbonate,  01,  560. 

cliemically  pure,  561. 
carbonates,  volumetric  analy- 
sis of,  5()0. 
clilorate,  16,  290. 
chloride,  77. 
cliromate,  102. 
and  pbitinum,  chloride,  77. 
citrate,  72: 
cobahicyanide,  231. 
cyanate,  335. 
cyanide,  276. 
derivation  of  Avord,  31. 
ferrate,  140. 
ferridcyanide,  339. 
ferrocvanide,  276,  339. 
flame  te.st,  79. 
hydrate,  61. 

to  prepare  pin-e  solntion, 
67. 

hypophosphite,  341. 
iodate,  75,  293. 
iodide,  73,  571. 
manganate,  70,  227. 
invronate,  453. 
nitrate,  00,  72,  284,  003. 
oleate,  456. 
perclilorate,  291. 
jieriodide,  270. 

pernunifranate,  70,227,562,572. 
pre])aralion  of,  61. 
properties  of,  61. 
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Potassium,  quantitative  estima- 
tion of,  5t)0,  5(12. 
(liuintivalence  of,  01. 
red  eiimmate,  102,  23G. 

pnis-siate,  'A'.^'t). 
salts,  analogy  of,  to  .sodium 

salts,  87. 
sodium  and  ammonium,  sep- 
aration of,  91). 
sotlium  tartrate,  85. 
soure'es  of,  (50. 
sulphate,  72,  23L 
sid|)iucles,  67. 
sulphite,  574. 
sulphocyanate,  353. 
sulphurated,  67. 
tartrate,  72. 

acid,  61,  78,  316. 
tri-iodide,  270. 
yellow  chromate,  102. 
prussiate,  276,  337. 
Potato,  398. 
oil,  445. 

starch  (fig.),  403. 
Poultices.  517. 
Pound,  538. 

Powder,  bleaching-.  111. 
Powders,  517. 
soda-,  86. 

specific  gravity  of,  545. 
Practical  analysis,  93. 
Precipitant,  77. 
l*recij)itate,  77. 
Precii)itated  chalk,  106. 

sulphur,  300. 
Precipitates,  soluble,  in  solutions 
of  salts,  279. 

to  wash,  107,  108,  583. 

to  weigh,  582,  583,  587. 
Precipitation,  77. 

Preiwrations  of  the  British  Phar- 
macopoeia, cliemical,  519. 

galenical,  517. 
Prepared  carbonate  of  calcium,  108. 

chalk,  108. 

lard,  464. 

suet,  464. 
Pressure,  correction  of  volume  of 
gas  for,  548. 

-gauges,  522. 
Prickly  ash,  393. 

Principles  of  Chemical  Philos- 
ophy, .36  [vide  also  Laws). 
Pvinox,  356. 


Printer's  ink,  437. 
Prisnuitic  nitre,  282. 
I'roUius's  method  for  estimation 
of  cinchona  alkaloids,  ()22. 

of  morphine  in  opium,  628. 
Prophet  in,  420. 
Proportions,  atomic,  47,  194. 

constant,  47,  58. 

multiple,  48,  58. 

reciprocal,  48,  58. 
Proof  spirit,  427. 
Propionic  acid,  468. 
Propyl,  438. 
Propylamine,  378. 
Propylene  glycol,  453. 
Protocatecliuic  aldehyd,  3G0. 
Protopine,  330. 
Proximate  analysis,  611. 
Prune,  414. 
Pritnam,  414. 
Pniiim  seroliim,  417. 

vin/itiiana,  417. 
Prussian  blue,  338,  486. 
Prussiate  of  potash,  red,  338. 

yellow,  275,  337. 
Prussic  acid,  275. 
Pseudaconitine,  392. 
Pseudojervine,  396. 
Pseudoniorplune,  3S0. 
I'terocarpas  sunUdinus,  485. 
l^tomaines,  502. 
Pti/cholin  njowan,  471. 
Ptyalin,  513. 

Puce-colored  oxide  of  lead,  208. 
Puddling,  iron,  139. 
Pulsatilla,  332. 
Pulvin  ahjarolhi,  177. 

anycUcHs,  177. 

antimonkdia,  ISO. 

effervesce  composiius,  318. 

ipecacuanhce  et  opii,  395. 

Morphines  compositus,  380. 
Pumice-alone,  351. 
Pnnie.a  r/i'anatum,  355. 
Purified  ox-bile,  464. 
Purple  of  Ca.ssius,  243. 

foxglove,  active  principle  in, 
41 8. 

Pnrjiurine,  506. 

Purrate  of  magnesium,  484. 

Purree,  484. 

Pus,  in  urine,  512. 

Putty-powder,  239. 

Pyrethrin,  479. 
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Pyrethrum,  479. 

carneum,  479. 

cineraria  folium,  479. 

roseum,  479. 
Pyrites,  copper,  187. 

iron,  139. 
Pyroarseniate  of  sodium,  1G6. 
Pyroarseniutes,  1  (iC. 
Pyrogallic  acid,  357. 

use  of,  in  gas  analysis, 
357. 

Pyrogallol,  357. 
Pyroligneous  acid,  294. 
Pyrolusite,  226. 
Pyrometers,  526. 
Pyroaiorphite,  330. 
Pyrophoriis,  155. 
Pyrophospliates,  330,  349. 
Pyroj)liosphoric  acid,  347,  349. 
Pyrovanadates,  330. 
Pyroxylic  spirit,  439. 
Pyroxylin,  410. 
Fyroxylinmii,  410. 

QUADRIVALENCE,  55. 

Qualitative  analysis,  99. 
Quantitative  analysis,  519  seq. 
Quantivalence,  55,  120. 

of  atoms,  definition  of,  58. 

of  acidulous  radicals,  66. 
Quartz,  351. 
Qiutsniae  liynum,  401. 
Quassin,  401. 
Qiiebrachine,  392. 
Quebraclio-bark,  392. 
Queen's  root,  401. 
Quercitrin,  484. 
Quercitron,  484. 
Quercus  alba,  354. 

cortex,  354. 

tincloria,  484. 
Quevenne's  iron,  155. 
Quicklime,  105. 
Qiiillaia,  424. 
Quinamia,  388. 
Quinamine,  388. 
Quince-seeds,  406. 
Quinia,  or  quinine,  383. 

amorphous,  619. 

analytical  reactions  of,  385. 

citrate,  385. 

of  iron  and,  151. 

De  Vrij's  process  for  estimat- 
ing, 616. 


Quinia,  disulphate,  384. 
iodosulpliate,  385. 
kinatc,  383. 

quantitative    estimation  of, 

016. 
sulphate,  384. 
Quinicia,  388. 
Quini(dne,  388. 
Quinidia,  386. 
QniiiidincB  sulphoA,  386. 

impurities  in,  652. 
Quinidine,  388.  • 
Quiniiia,  383,  616. 

impurities  in,  652. 
biitulplias,  384. 

impurities  in,  652. 
hyd robromas,  385. 

impurities  in,  652. 
hydrocldoras,  385. 

impurities  in,  652. 
sulphaa,  384,  606. 

impurities  in,  652. 
valeriaiius,  384. 

impurities  in,  652. 
Quinine,  383. 
(^iiiniretin,  388. 

C^uinlan's  test  for  presence  of  bile, 

464. 
Quinoidin,  388. 
Quinquivalence,  56. 

Radicals,  66. 

acidulous,  60,  259. 
formida;  of,  121. 

alcohol,  448. 

basylous,  60,  121. 

definition  of,  60. 

negative,  448. 

p(!sitive,  448. 
Racemic  acid,  317. 
Rai,  453. 
Raisins,  412. 
Ranunculus,  332. 
Raspberrv,  sugar  in,  412. 
Ratalia,  427. 
Rational  fornnilii?,  428. 
Reactions,  analytical,  CL 

synthetical,  61. 
Reagents,  list  of  xv. 
Real  alcohol,  428. 
Realgar,  164. 

Reaumur's  thermometer,  523. 
Reciprocal    proportions,   law  of, 
50. 
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Rectification,  120. 

Kectified  oil  of  turpentine,  475. 

spirit,  427. 
Reel  ciironiate  of  potassium,  234. 

colorins-niatlers,  485. 

cor{)iiscles  in  blood,  51]. 

earth,  485. 

enamel  colors,  486. 

gravel,  506. 

luematite,  138. 

iodiilo  of  mercury,  193. 

litnius-pa[ier,  94. 

lead,  2US,  485. 

ochre,  485. 

oxide  of  iron,  150,  485. 

phosphorus,  325. 

poppy-petals,  485. 

precipitate,  199. 

prussiate  of  potash,  338. 

rose-petals,  485. 

sandal-wood,  485 

sanders-wood,  485. 

Venetian,  150. 
Reduced  indigo,  287. 

iron,  154. 
Reinsch's  test  for  arsenicum,  169. 
Relations   of  gases,  li(piids,  and 

solids,  42. 
Relative  weight  of  hydrogen  and 

o.xygen,  24. 
Reniijia  bark,  388. 
Rennet,  457. 
Bexeda  liUeola,  484. 
Resin,  478. 

arnica,  478. 

cannabis,  478. 

capsicum,  478. 

castor,  478. 

copaiba,  480. 

copal,  478. 

dragon's  blood,  478. 

ergot,  478. 

guaiacnm,  421,  479. 

Indian  hemp,  479. 

.jalap,  422,  479. 

kamala,  479. 

koii.sso,  479. 

mastic,  479. 

mezereon,  479. 

pepper,  397. 

podo])hyllnm,  479. 

pyretlirum,  479. 

rottlera,  479. 

Hcammony,  424. 


Reni.ii(t,  478. 

copalbce,  480. 

J  aid  pee,  422. 

podopliylU,  479. 

sccimuiuuii,  424. 
Resinoid  substances,  478. 
Resin.s,  478. 
liesorcin,  450. 

Respiratory  materials  of  food,  459. 
Retort,  125. 

Blummi  mcenx,  418,  486. 
Rhamnin,  484. 
Rhummis  cuiharlicus,  486. 

Jrmuiuki,  418. 
Rhaponticin,  335. 
Rhatany-root,  355. 
Rheic  acid,  335. 
Rhein,  335. 
Rheum,  335. 
Rheumin,  335. 
Rhcpadin,  380. 
Rhce.udoit  pdcda,  485. 
Rhodium,  245,  661. 
Rhubarb,  oxalate  of  calcium  from, 
510. 

acid  in,  345. 
Rhubarbic  acid,  335. 
Rhubarliarin,  335. 
Rhus  cnriuria,  356. 

cotinus,  484. 

cjlahra,  356. 

toxicodendron,  857. 
Rice,  402. 

Rice-starch  (fig.),  403. 
Ricinine,  467. 

Ricinf)leate  of  glyceryl,  467. 
Ricinoleine,  467. 
Ringworm-powder,  335. 
Roccella,  486. 
Rochelle  salt,  85,  317. 
Rock-salt,  80. 
Roll  sulphur,  298. 
Roman  cement,  351. 
Rosa  ccid.ifolia,  473,  485. 

(jidlica,  485. 
Rosaniline,  487. 
A'o.sce  cmimm  Jruc.tux,  414. 
Roscoe's  vanadium,  329. 
Rose  oil,  473. 

-petals,  473,  485. 

-water,  470. 
Romnarinus,  474. 
Rosemary  oil,  474. 
Rosin,  478. 
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Rotten-stone,  135. 
JRoltUra  lincloria,  479. 
Rottlerin,  479. 
Rouge,  animal,  334,  486. 

niinei-al,  150,  486. 

vegetable,  486. 
Rubia  iivclonnn,  485. 
Rnbidium,  661. 
Riibijervine,  396. 
Eubus,  320,  356. 

ukens,  412. 
Ruby,  135. 
Rue'oil,  474. 
Rum,  427. 
Rumex,  335. 

crispus,  335. 
Riimicin,  335. 
Rust  of  iron,  139. 
Rutate  of  glyceryl,  468. 
Rutlieniiim,  245,  661. 
Rutic  acid,  468. 

aldehyd,  474. 

ScthadHlia,  or  sabadilline,  399. 

iSabina,  474. 

S'tbince,  oleum,  474. 

Saccliarated  carbonate  of  iron,  142. 

volumetric  estimation  of, 
577. 

pepsin,  461. 
Saccharic  acid,  415. 
Saccliarimetry,  630. 
Saccharine,  413. 

substances,  401,  410. 
Saccliarometer,  631. 
Saccharomyces  cerevisim,  426. 

impurities  in,  652. 
Saccharum,  412. 

impurities  in,  652. 

luciis,  411. 

usliirn,  415. 
Safety-lamp,  23. 

-tube,  263. 
Salflower,  485. 
SatFranin,  484. 
Saffron,  484. 

bastard,  485. 

dyer's,  485. 
Safren,  474. 
Safrol,  474. 
Sage,  474. 
Sago,  402. 

starch  (fig.),  403. 
&(/  ammoniac,  89. 


Sal  prunella,  283. 

volatile,  92. 
Salep,  407. 
Saliciiiuin,  423. 

impurities  in,  652. 
Salicyl  hydride,  423. 
Salicylate  of  lithium,  223. 

methyl,  446. 
Salicylic  acid,  446,  451. 
Salicylous  acid,  446. 
Saligenin,  4"i3. 
Saliretin,  423. 
Saliva,  513. 
Salix  alba,  422. 

helix,  422. 
Salseparin,  424. 
Salt,  common,  80. 

definition  of  a,  60. 

of  sorrel,  313. 
Saltpetre,  282. 

Chili,  282. 
Salts,  acid,  299. 

.  action  of  the  blowpipe  on,  3G9. 
of  heat  on,  369. 
of  sulphuric  acid  on,  369. 

of  ammonium,  volatility  of,  97. 

analogies  of,  87. 

analysis  of  insoluble,  367. 

constitution  of,  60,  124,  259, 
2S3,  296,  375. 

formation  of,  69. 

nomenclature  of,  71,  75. 

of  iron,  nomenclature  of,  140. 

Ijhysical  properties  of,  367. 

substitution  of,  for  each  other, 
87. 

Table  of  tlie  solubility  or  in- 
solubility of,  in  water,  36^. 
Salvia,  474. 
Sal  viol,  474. 
Sambucene,  474. 
S(imbneii.'<,  474. 
Sand,  351. 

-bath,  28. 

-tray,  28,  198. 
Sandal-wood,  oil  of,  474. 

red,  474,  485. 

white,  474. 

yellow,  474. 
Sandstone,  351. 
Sanguinarin,  398. 

vinegar,  295. 
Sanguiuarina,  398. 
Santalin,  485. 
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Sanlalum  album,  474. 

rubi'um,  474,  485. 
Sdulunica,  423. 
Siintoiiic  aeiil,  423. 
Santonin,  423. 
Siintoninate  of  sotlium,  423. 
HtUttuniuum,  423. 

impurities  in,  6o3. 
Santoniretin,  423. 
Sapan-wood,  485. 
Sap-green,  486. 
&apo,  463. 

animalis,  464. 

kalinus  venal.is,  464. 

impurities  in,  653. 

mollis,  463. 

viridin,  463,  464. 

impurities  in,  653. 
Saponin,  424. 
Sapphire,  135. 

Sdf  cince  venlrimli,  in  urine,  514. 
Sarcolactie  acid,  345. 
Sariacenia  purpurea,  399. 
Sarsaparilla,  424. 
Sarzae  radix,  424. 
Sa.mifras,  474. 

medulla,  407. 

oil,  474. 

pith,  407. 
Sassal'roi,  474. 

Saturated  sohitions,  boiling-points 
of,  525. 

Saturating  power  of  citric  acid, 
322,  658. 

of  tartaric  acid,  318,  658. 
Saturation,  69. 

tables,  318,  322,  658. 
Saturn,  207. 
Saturnine  colic,  207. 
Savin  oil,  474. 
Saxon  blue,  486. 
Saxony  blue,  480. 
Scale  compounds  of  iron,  150. 
Scammonii,  424. 

renina,  424. 

impurities  in,  653. 
Scammonin,  424. 
Scammoniol,  424. 
Scammmiiiim,  424. 

impurities  in,  653. 
Scammony,  resin  of,  424. 
Scandium,  661. 
Scents,  470. 
Scheele's  green,  173. 


Schist,  135. 

Schonbein's  test  for  hydrocyanic . 

acid,  280. 
Sclnveinfurth  green,  173. 
Science  of  Chemistry,  14. 
&///(/,  424. 
Scilletin,  424. 
Scillitin,  424. 
Sclerotic  acid,  478. 
Sclerotinic  acid,  478. 
Scoparin,  398. 
Scoparius,  398. 
Scutellaria,  401. 
Sea-salt,  80. 

Sediments,  urinary,  507. 

urinary,   microscopic  exam- 
inations of,  508. 
Seed-lac,  486. 
Seidlitz  powder,  318. 
Selenic  acid,  299. 
Selenion,  661. 
Selenious  acid,  299. 
Selenium,  299,  661. 
Senega,  424. 
Senna,  41 7. 
Sepia,  487. 
Serolin,  457. 
Serpentaria,  401 . 
Serpent's  excrement,  358. 
Sesame  oil,  467. 
Sesame  indicum,  467. 
Sevum,  464. 
Sexivalence,  56. 
Shale,  135. 
Shark-liver  oil,  467. 
Shellac,  486. 
Sherry  wine,  427. 
vShumac,  356. 
Sienna,  484. 

Sifting,  an  aid  to  an  analysis,  368. 
Silica,  351. 

Silicate  of  aluminium,  136. 

calcium,  103,  351. 

magnesium,  351. 
Silicates,  351. 

quantitative  estimation  of,  610. 

tests  for,  351. 
Silicic  acid,  351. 

anhydride,  351. 
Siliciuretted  hydrogen,  352. 
Silico-fluoride  of  barium,  103. 
Silicon  chloride,  352. 

derivation  of  word,  33. 

fluoride,  352. 


716 


INDEX. 


Silicon  hydride,  352. 

oxide,  351. 
Silver,  212. 

aiiuiionio-iiitrate,  174,  203. 

aiiiilyticiil  reactions  of,  215. 

antidotes  to  nitrate  of,  21G. 

arseniate,  174,  215. 

arsenite,  174. 

bromide,  215. 

chloride,  213. 

chroniate,  215. 

citrate,  323. 

cyanide,  216,  279. 

by  cupellation,  estimation  of, 
599. 

derivation  of  word,  33. 
e.\ti'action  of,  212. 
(Jernian,  232. 
iodide,  215. 
nitrate,  212,  213,  599. 

dikited,  214,  599. 

moulded,  214,  599. 
oxalate,  313. 
oxide,  215,  598. 
phosphate,  216. 
pure,  213. 

quantitative  estimation  of,  598. 
standard  solution  of  nitrate  of, 

667. 
sulphide,  216. 
sulphite,  304. 
tartrate.  319. 
tree,  216. 

volumetric  estimation  of,  598. 
Sinalbin,  453. 
Sinapine,  453. 
Sinapis,  453. 

impurities  in,  654. 
Sinigrin,  453. 
Sinistrin,  425. 
Siplion  {'vide  Syphon). 
Size,  460. 
Skullcap,  401. 
Slaked  lime,  105. 
Slate,  135. 
Smalt,  230,  487. 
Smilacin,  424. 
Smilax  officinalis,  424. 
Snakeroot,  black,  400. 

Virginia,  400. 
Soap,  ammonium,  calcium,  Castile, 
green,  hard,  Marseilles,  mot- 
tled, potassium,  sodium,  soft, 
403,  464. 


Soap-bark,  424. 

-curd,  464. 

-stone,  487. 

-wort,  424. 
Socaloin,  452. 
Socati'ine  aloes,  452. 
"Soda,"  312,  561. 

-alinn,  136. 

-iish,  86,  561. 

caustic,  81. 
Soda,  81. 

causlica,  81. 

impurities  in,  654. 

taiiumla,  85. 
Soda-lime,  615. 

-powders,  86. 

solution   of  chlorinated,  86, 
580. 

standard  solution  of,  5G4. 

valerianate,  358. 

volumetric     estimation  of, 

560. 
-water,  85. 
SodiE  (vide  Sodii). 
Sudii  accias,  82. 

impurities  in,  654. 
arsenias,  166. 

impurities  in,  654. 
bcnzms,  333. 

impurities  in,  654. 
bicurbonm,  82. 

impurities  in,  654. 

venaliti,  83. 
bisulphis,  303. 

impurities  in,  054. 

volumetric  estimation  of, 
569. 
borun,  330. 

impurities  in,  654. 
bromidum,  87,  267,  569. 

imj)urities  in,  654. 

volumetric  estimation  of, 
569. 

curboiian,  83,  309. 

impurities  in,  654. 

exsiccaius,  83. 
cJdwas,  87,  291. 

impurities  in,  654. 
chloralce,  liquor,  86,  580. 
cidoriditm,  80. 

impurities  in,  654. 
cifro-la)inii<  effiTVCscens,  86. 
Iii/pophosphi.%  341. 

impurities  in,  654. 
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Sodii  hyposidphis,  342. 

impurities  in,  G54. 

volmnetric  estimation  of, 
573. 
iodidiim,  87. 

impurities  in,  654. 
liquor,  81. 
nitras,  282. 

impurities  in,  654. 
pho.^phas,  110. 

impurities  in,  654. 
pyrnpho^phaf:,  350. 

impurities  in,  654. 
saltcylu.'i,  451. 

impurities  in,  654. 
santoninaa,  423. 

impui'ities  in,  655. 
silicntis,  liquor,  352. 
sidpkds,  263. 

impurities  in,  655. 
sulphix,  303. 

impurities  in,  655. 

volumetric  estimation  of, 
574. 

sulphocarbni.as,  450. 

impurities  in,  655. 
vcderiaiiuf,  358. 
Sodic  carbonate,  etc.  {vide  Salts  of 

Sodium). 
Sodio-citrate  of  iron,  152. 

-tartrate  of  iron,  152. 
Sodium,  SO. 
acetate,  82. 

acid  carbonate,  82,  560. 

suljihute,  263. 

tartrate,  79. 
analytical  reactions  of,  87. 
ami  aluminium  double  chlo- 
ride, 135. 
antimoniate,  87. 
arseniate,  166. 
arsenite,  166. 
benzoate,  333. 
benzoldisulphonate,  450. 
bicarbonate,  82. 

chemically  pure,  561. 
bisulphite,  30.3,  574. 
bromate,  87,  268. 
bromide,  87,  268. 
carbonate,  86,  309,  560. 

clicmicallv  pure,  561. 

dried,  84." 

manufacture  of,  8(),  309. 
carbonates,  560. 


Sodium,  carbonates,  volumetric 
analysis  of,  560. 
chlorate,  87,  291. 
chloride,  80. 
cholate,  464. 
citrate,  87. 

derivation  of  word,  31. 
ethylate,  428. 
liame,  87. 
glycocholate,  464. 
hydrate,  81. 
hypochlorite,  86. 
hypoishosphite,  341. 
hyposulphite,  342. 
iodate,  87. 
iodide,  87. 
manganate,  87. 
molybdate,  329. 
nitrate,  81,  282. 
otlier  compounds  of,  87. 
o.xalate,  313. 
permanganate,  87. 
phosphate,  110. 

how  prepared  from  phos- 
phate of  calcium,  110. 
potassium    and  ammonium, 

separation  of,  99. 
pyroarseniate,  166. 
pyrophosphate,  350. 
quantitative  estimation  of,  560, 

586. 
salicylate,  451. 

salts,  analogy  of,  to  potassium 
salts,  87. 

sources  of,  80. 

santoninate,  423. 

snlphate,  263. 

sulphite,  303,  574. 

sulphocarbolate,  450. 

taurocholate,  464. 

valerianate,  358. 
Soft  soap,  463. 
Soils,  analysis  of,  635. 
Solania,  398. 
Solauidine,  398. 
Solanine,  398. 
Soluniiin  didcamrirn,  308. 

lubernmm.,  398. 

Btarcii  of  (fig.),  403. 
Solazzi  juice,  421. 
Holder,  206,  238. 
Solid,  dchuition  of,  57. 

lats,  462. 

potash,  67. 
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Solids  lighter  than  water,  to  take 
the  specific  gravity  of,  546. 
to  take  tlie  specilic  gravity  of, 
544  el  seq. 
Solubility  of  carbonic  acid  gas  in 
water,  85. 
of  gases  in  liquids,  85. 
of  precipitates  in  strong  solu- 
tions of  salts,  279. 
or    insolubility   of   salts  in 
water.  Table  of,  3G3. 
Soluble  cream  of  tartar,  331. 
glass,  352. 

starch,  406. 
substances,  to  take  the  specific 

gravity  of,  546. 
tartar,  73. 
Solution  of  acetate  of  ammonium, 
91. 

of  potassium,  68. 

of  sodium,  82. 
albumen,  455. 
ammonia,  90. 

ammonio-nitrate  of  silver,  174, 
203. 

-sulphate  of  copper,  J  74, 
203. 

-sulphate  of  magnesium, 
_  119,  608. 
arsenic  in  acid,  165. 

in  alkali,  164. 
boracic  acid,  330. 
bromine,  268. 

carbonate  of  annnonium,  91. 

of  magnesium,  117. 
chloride  of  ammoniimi,  89. 

of  antimony,  nd.Jtifl^ 

of  bariinn,  101 . 

of  calcium,  104. 
saturated,  104. 

of  gold,  242. 

of  tin,  238. 

of  zinc,  130. 
clilorinated  lime,  580. 

soda,  86,  580. 
chlorine,  28. 

citrate  of  ammonium,  93. 

of  magnesium,  1  IS. 
ferridcvanide    of  potassium, 
339. " 

fcrrocyanide    of  potassium, 

339! 
gelatin,  459. 

iodalc  of  i)olassiuni,  74,  293.' 


Solution  of  iodide  of  mercury 
and  potassium,  194. 
iodide  of  potassium,  74. 

of  potassium  and  bismuth, 
502. 
iodine,  269. 
lime,  105. 
litmus,  94. 

nitrate  of  mercury,  195. 
oxalate  of  annuonium,  94. 
l^erchloride  of  iron,  144. 

of  mercury,  2ol. 

of  platimnn,  243. 
pernitrate  of  iron,  154. 
persulphate  of  iron,  146. 
j)hosphate  of  sodium,  110. 
phosphoric  acid,  326. 
potash,  61,  67, 
l)otassio-cu|)ric  tartrate,  630. 
red  prussiate  of  jjotash,  339. 
soda,  81. 
strychnia,  389. 
subacetate  of  lead,  208. 
sulphate  of  calcium,  113. 

of  indigo,  287. 

of  iron,  140. 
sid])hide  of  ammonium,  94. 
sulphydrate  of  ammonium,  94. 
tartaric  acid,  316. 
yellow   prussiate  of  potash, 
339. 

Sonnenschein's  process  for  poison- 
ous alkaloids,  501. 
Soot,  30. 
Sotibresantii,  277. 
Source  of  heat,  17. 
Sovereign,  weight  of  the,  242. 
Soyinkia  febrifiiga,  401. 
Spanish  liquorice,  421. 
Spar,  fliu)r-,  340. 

heavy,  101. 
Sparteia  or  sparteine,  398. 
Spathic  iron  ol-e,  139. 
Spearmint  oil,  493. 
Specific  gravity,  541. 

of  gases,  547. 

of  liquids,  542. 

of  official  liquids,  543. 

of  o.Kvgen,  24. 

of  powdere,  545. 

of  solids,  544. 

lighter   tlian  water, 
546. 

of  soluble  substances,  546. 
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Specific  heat,  V17. 

weight,  .541. 
Spectrosc'ojje,  491. 
Spectrum  analysis,  491. 
Specular  iron  ore,  138. 
Specnlnni  metal,  238. 
Spei.-is,  -232. 
Spermaceti,  465,  526. 
Spermatozoa,  in  urine,  514. 
Sperm  oil,  405. 
Spifjelia,  398. 
jS'/)/V(c«  iibiuiria,  423. 
Spirit  of  French  wine,  431. 

methylated,  439. 

mintlererus,  91. 

inyrcia,  427. 

of"  nitrous  ether,  348,  435. 

adulterated,  440. 
proof,  427. 
pyroxylic,  439. 
rectified,  427. 
of  turpentine,  475. 
of  wine,  427. 

impuritie.s  in,  022. 
wood-,  439. 
Spirits,  517. 

analysis  of,  032. 
Spirilus  cgtlieris,  434. 

enmpositvs,  434. 

nilyosi,  434. 

impurities  in,  055. 
amrnonkn,  92. 

impurities  in,  655. 

volumetric  estimation  of, 
557. 

aivmalicm,  92. 

impurities  in,  021. 

foelidus,  92. 
aniiti,  471. 
uurfinlii,  471. 
cajiipiUi,  472. 
cinnamomi,  472. 
clilorofoi-mi,  443. 
fninmUi,  427,  431. 

impurities  in,  655. 
(j'liiltheria',  470. 
jimiperi,  470. 
Idvundulcp,  470. 
livinniH,  470. 
menthre  pipcritce,  470. 
myrciw,  427. 
viyrislicm,  470. 
odomliiK,  170. 
reclifimlus,  571. 


Spirilus?  rosmarivi,  470. 
lenulor,  427. 
vini  gallici,  43 1 . 

impurities  in,  655. 
Spodnmene,  223. 
Si)ogel  seeds,  407. 
Spongy  i)latinum,  245. 
Spontaneous  combustion,  155. 
Spotted  cranesbill,  356. 
Spruce  fir,  479. 
Spurge  laurel,  479. 
Sqiwlm  carcharius,  467. 
Squill,  414. 
Standard  gold,  241. 
Standard  solution  of  hyposul- 
phite of  sodium,  578. 
of  iodine,  579. 
of  nitrate  of  silver,  567. 
of  oxalic  .icid,  556.  ' 
of  red  chromate  of  potas- 
sium, 575. 
of  soda,  564. 
ol'  sulphuric  acid,  563. 
Stannate  of  sodium,  239. 
Stannates,  239. 
Stannic  acid,  239. 
anhvdride,  239. 
chloride,  239. 
oxide,  239. 
sulphide,  240. 

anhydrous,  240. 
Stannous  chloride,  solid,  238. 
hvdrate,  240. 
o.xide,  240. 
sulphide,  240. 
Slannum,  34. 
Slaphisacjria,  395. 
Star-anise  oil,  471. 
Starch,  401. 
blue,  401. 
cellulose,  405. 
gelatinized,  404. 
iodized,  405. 
soluble,  406. 

quantitative  estimation  of,  630. 

-sugar,  413. 
Starches,  microscopy  of,  402. 
Stas's  process  for  poisonous  alka- 
loids, 500. 
Stave.sacre,  395. 
Steam-bath,  583. 
Stearic  acid,  465,  468. 
Stearine,  465. 
Steatite,  487. 


720 


INDEX. 


Steel,  139. 

wine,  152. 
Stick-lac,  486. 

liquorice,  421. 
Slibiuiii,  32. 
Still,  125. 
StilUngia,  401. 
Stone-coal,  237. 

red,  485. 
Storiix,  483. 
Stout,  427. 
Stramnnii  folin,  396. 

semen,  396. 
Strasburg  turpentine,  475. 
Strawberry,  320,  345,  411. 
Stream  tin,  237. 
Strontianite,  225. 
Strontium,  225. 

analytical  reactions  of,  225. 

carbonate,  225. 

derivation  of  word,  33. 

flame,  225. 

nitrate,  225. 

snlijliate,  225. 
Structure  of  flame,  23. 
Strychnia  or  strychnine,  338. 

inipuritie.s  in,  655. 

analytical  reactions  of,  389,497. 

in  organic  mixtui'es,  detection 
of,  497. 
Slnjchiiiiw,  388. 

impurities  in,  655. 
Slrychnince  sulphas,  389. 
Slnjchnos  Ignatius,  388. 

nux  vomica,  388. 
Styptic  collodion.  410. 
Stvracin,  483. 
Styrax,  483. 

benzoin,  483. 

prceparatus,  483. 
StvroL  483. 
Styrone,  483. 

Subacetate  of  copper,  188. 

of  lead,  207. 
Subcarbonate  of  iron,  141. 
Subchloride  of  merciirv,  198. 
Sublimation,  91,  201. 
Sublimed  sulphur,  298. 
Subnitrate  of  bismuth,  247. 
Substances     readily  deoxidized, 

quantitative  estimation  of, 

578. 

oxidized,  quantitative  estiuia- 
tion  of,  572. 


Substitution-products,  442. 
Succi,  517. 

Succinate  of  pota.ssium,  352. 
Succinic  acid,  352. 
Succinum,  352. 
Siiccus  limonis,  322. 
Sucrose,  411. 
Suet,  464. 

prepared,  464. 
Sugar,  410. 

amount  in  various  fruits,  412. 

brown,  411. 

candy,  411. 

cane-,  411. 

detection  of,  in  urine,  504. 

grape-,  411. 

inverted-,  411. 

loaf-,  411. 

maple-,  411. 

milk-,  412. 

moist,  411. 

of  gelatin,  464. 

lead,  207. 
quantitative    estimation  of, 

630. 
tests  for,  411. 
Sulphate  of  aluminium,  136. 

and  ammonium,  135. 
ammonium,  89. 

and  iron,  136. 
barium,  102. 
bismuth,  249. 
cadmium,  246. 
calcium,  103,  113. 
chromium,  235. 
cinchonine,  387. 
cobalt,  230. 
copper,  188. 

anhydrous,  188. 
cupr-diammon-diammoniumj 

203. 
indigo,  287. 
iron,  140,  577. 

precipitated,  141. 

solution  of,  147. 
lead,  211. 

magnesium,  115,  589. 
manganese,  229. 
mercin-y,  196. 
potassium,  72,  284. 
quinine,  384. 
sodium,  86,  263. 
strontium,  225. 
zinc,  129. 
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Snlplmtes,  S04. 

;inalyti«il  reaotions  of,  307. 
(juaiititative    estimation  of, 
(105. 

Siilphetliylic  acid,  433. 
Sulphide  of  allyl,  453. 
ainiiioniuin,  94. 
antimony,  176,  180. 
arscniouni,  164,  172. 

native,  163. 
barinni,  101. 
bismutli,  250. 
cadmium,  240. 
calcium,  300. 
cobalt,  230. 
copper,  188. 
iron,  143. 
lead,  211. 

native,  206. 
manganese,  229. 
mercury,  203. 

native,  191. 
nickel,  232. 
potas.sium,  67. 
silver,  216. 

native,  213. 
tin,  239. 
zinc,  133. 

native,  128. 
Sulphid&s,  298. 

analytical  reactions  of,  301. 
native,  164. 

quantitative  estimation  of,  C04. 
Sulphindigotic  acid,  287. 
Siil))liindylic  acid,  287. 
Sulphite  of  barium,  304. 

calcium,  303. 

magnesium,  .303. 

potassium,  303,  574. 

silver,  .304. 

sodium,  303,  574. 
Sulpliites,  303. 

analytical  reactions  of,  303. 

quantitative    estimation  of, 
.574,  605. 
Siilpliocarbolate.s,  450. 
Siilpliocarl)olic  acid,  4-50. 
Sulpliocarbonates,  310. 
Sul|)liocarbonic  aniiydride,  310. 
8ulf)b()cvanate  of  acrinyl,  453. 

allvX  4.53. 

butyl,  438. 

iron,  158. 
Sidphocyanates,  353. 
61 


Sulphocyanic  acid,"  353. 
SulpluHyauides,  353. 
Sulpliocynnogen,  353. 
Sulpboplienates,  450. 
Sulplioplienic  acid,  450. 
Sulpliosalicylic  acid,  451. 
Sulpliostannates,  240. 
Sulpliovinic  acid,  433. 
Sulphur,  30. 

adulteration  of,  301. 
allotropy  of,  298. 
analytical  reactions  of,  301. 
ansenic  in,  172. 
bromide,  301. 
cliloride,  301. 
derivation  of  word,  31. 
estimation  of,  604. 
flowers  of,  298. 
hvpochloride,  301. 
iodide,  271,  301. 
liver  of,  67. 
milk  of,  300. 
oxyacids,  343. 
plastic,  298. 
precipitated,  300. 
roll,  298. 
sublimed,  298. 
Sulphur  lolum,  298. 

impurities  in,  655. 
picecipiiatum,  300. 

impurities  in,  655. 
snblimalum,  298. 

impurities  in,  656. 
Sulphurated  antimony,  179. 
lime,  112. 
potassa,  67. 
Snlphurets  (vide  Suli)hides'). 
Sulphuretted  hydrogen,  298. 
Sulphuric  acid,  304. 

antidotes  to,  308. 
aromatic,  .307. 
dilute,  307. 
fuming,  307. 
Nordhausen,  307. 
in  organic  mixture«,  de- 
tection of,  495. 
purification  of,  307. 
standard  solution  of,  563. 
volinnetric  estimation  of, 
560. 

anhydride,  307. 
Sulplturin  indidum,  27 1 . 

impurities  in,  655. 
Sulphurous  acid,  30,  302. 
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Sulpluiroiis  acid,  volumetric  esti-  i 
niation  of,  572. 
iinliydriile,  302. 
Sulpliydrate  of  animonium,  solu- 

"tion  of,  94. 
Riilphydric  acid,  95,  298. 
Humach,  35(5. 
Siiniatra  caiiiplior,  476. 
Siivibiil,  481. 

Superphosphate  of  lime,  324. 

Supporters  of  combustion,  22. 

Suppositories,  517. 

Suriace,  unit,  531. 

Surgery,  14. 

Swamp  sassafras,  401. 

(Sweetbread,  461. 

Sweet  spirit  of  nitre,  348,  434. 

adulterated,  44U. 
Sylvic  acid,  478. 
Symbol,  function  of,  41,  52. 
Symbols  of  elements,  30,  41. 

illustration  of  chemical  action 
by,  46. 
Sympathetic  inks,  231. 
Synaptase,  416. 
Synthesis,  60. 
Syphon,  108. 

Syrup  of  iodide  of  iron,  30. 
Syrups,  517. 

specific  gravities  of,  544. 
Syrupi,  impurities  in,  6o6. 
Sy  I  up  lis,  471. 

acidi  hydrioih'ei,  270. 
impurities  in,  656. 

auraniii,  471. 

florum,  471. 

cdlcii  larJnphoKphaiLK,  110. 

calcic,  106. 

ferri  bromifli,  144. 

impurities  in,  656. 
iodidi,  30,  144. 

impurities  in,  656. 
phosphalln,  143. 
guinivm  el  Mrychniiuc  phos- 
pliatiim,  390. 
hypopko.spJiiiiim,  341. 
cum  ferrn,  341. 

Tiihacum,  397. 

Tables,  various  (j;icie  Appendix). 
Talc,  135. 
Timvirindw,  321. 

impurities  in,  656. 
Tan  acetic  acid,  424. 


Timnceliim,  424. 
Tannic  acid,  354. 
Tanning,  354. 
Tansv,  424. 

tar,  481. 
Tantalum,  661. 
Tapioca,  402. 

starch  (fig.),  403. 
TavdXdci  radix,  401. 
Taraxacin,  401. 
Tartar,  meaning  of,  316. 

cream  of,  72,  79,  315. 

emetic,  178,  316. 

estimation   of  antimony 
in,  594. 
Tartarated  antimony,  178. 
Tartaric  acid,  315,  316. 

saturating  power  of,  318,  036. 

solution  of,  319. 
Tarhiruif  hommlvf,  331. 
Tartrate  of  ammonium,  97. 

antimony  and  potass.,  178,  316. 

calcium,  319. 

potassium,  acid,  72,  79. 
neutral,  72,  316. 
and  sodium,  84,  317. 

s-lver,  319. 

sodium,  79. 
Tartrates,  73,  315. 

analytical  reactions  of,  319. 

volumetric  estimations  of,  561. 
Taurine,  464. 
Taurodiolates,  464. 
Teal  oil,  467. 
Telini  fly,  476. 
Tellurium,  299,  661.  _ 
Temperature,  correction  of  volume 
of  gas  for,  547. 

measurement  of,  522. 
Terbium,  661. 
Terebintliiiia,  475. 

can(ld(•7l^•is,  474. 
Terpenes,  469. 
Terra  di  sienna,  485. 
Tena  japonica,  355. 
Testa  pru'parnia,  110. 
Test-papei-s,  94. 

-tune,  16. 
Tetramines,  378. 
Tetrathionic  acid,  343. 
Tetrvl,  438. 
Thallciochin,  385. 
Thalliiuu,  6(il. 
Thebaine,  380. 
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Tlieia,  398. 
Theiiie,  398. 
Tlieiuifd's  blue,  487. 
Tlieobroiiiu  oil,  4()5. 
Theobrouiiitc  of  glyceryl,  4(io. 
Therapeutics,  delinitiou  aud  deri- 
vation of,  14. 
Tnei  iaca,  414. 
Thermolysis,  550. 
Theruionieter,  523. 

Celsius's,  523. 

Centigrade,  523. 

Falirenheit's,  523. 

Keauinur's,  523. 
Thermometric  scales,  conversion 

of  degrees  of,  524. 
Thionic  acids,  343. 
Tliiosulpliates,  342. 
Thorinuni,  661. 
Thorium,  6G1. 
Thorn-apple,  396. 
Thorough  wort,  400. 
Thresh's  alkaloidal  reagent,  502. 
Thus  ainericanwiii,  481. 
Thuja,  474. 
Thyme,  oil  of,  475. 
Tliymene,  475. 
Tiyniol,  473,  475. 

impurities  in,  656. 
Tliymus  vulyarix,  473. 
Tiiilic  acid,  466. 
Tin,  237. 

amalgam,  238. 

analytical  reactions  of,  239. 

antidotes  to,  241. 

block,  237. 

chloride  of,  238. 

derivation  of  word,  34. 

dropped  or  grain,  238. 

foil,  238. 

granulated,  238. 

oxide,  239. 

perch  loride,  239. 

plate,  238. 

prepare-liquor,  239. 

-stone,  2.37. 

tacks,  238. 

white  cobalt,  230. 
Tincal,  330. 

Tindura  nanruihi's  indicce,  478. 
ferri  acelalis,  147. 

impurities  in,  65G. 
chloridi,  140. 

impurities  in,  G5G. 


Tindura  iodi,  271,  5S0. 
Tinclurw,  146. 
Tinctures,  146,  517. 
Tinnevelly  senna,  417. 
TiuiiKpora  curdifolia,  400. 
Titanium,  661. 
Tobacco,  397. 
Todduliw  radix,  401. 
Tolen,  483. 
Tolu,  balsam  of,  483. 
Toluol,  448. 

Toxicodendric  acid,  357. 
Toxicology,  492. 
Tragacanth,  112. 
Truf/acaiithfi,  112. 
Treacle,  414. 
Triads,  121. 
Triaraines,  378. 
Triangle,  wire,  98. 
Tribasic  acids,  260. 
Tribasylous  radicals,  260. 
Trichloro-methylbenzol,  333. 
Triethylamine,  378. 
Triethylia,  378. 
Trinitro-carbolic  acid,  450. 
Trinitrocellulin,  409. 
Triphane,  223. 
Tripoli,  351. 
Tritliionic  acid,  343. 
Triiictuii  repens,  401. 

starch  of  (fig.),  403. 
Triluratio  elalerini,  419. 
Trityl,  438. 
Tritylia,  378. 
Trivalence,  55. 
Trivalent  radicals,  55,  121. 
Troches,  517. 

Trochisci  .lodii  santoninatis,  423. 

Tropate  of  atropia,  392. 

Tropic  acid,  392. 

Tropine,  392. 

Tube-funnels,  96. 

Tubes  for  collecting  gases,  18. 

glass  {vi.de  Crlass  Tubes). 
Tungsten,  661. 
Turgite,  149. 
Turkey  corn,  395. 
Tumeric,  485. 

oil,  475. 

-paper,  94,  331. 
Turmerol,  475. 
Tin-ubull's  blue,  339,  486. 
Tiu-pentinc,  474. 

American,  475. 
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Turpentine,  Bordeaux,  475. 

Ciuiadian,  474. 

Cliian,  474. 

French,  475. 

rectified  oil  of,  475. 

spirit  of,  475. 

Strasburg,  475. 

Venice,  474. 
Turpeth  mineral,  197. 
Turps,  475. 

Tylophora  asUimatica,  396. 
Type-metal,  176,  2(JG. 
Types,  chemical,  375. 
Typical  formulae,  438. 

Uim!  cortex,  355. 

fulvce,  407. 
Ulmus,  407. 
Ultimate  analysis,  611. 
Ultramarine  blue,  486. 

green,  487. 
Ultraquinine,  388. 
Umbelliferone,  481. 
Umber,  487. 

burnt,  487. 
Uncaria  yambier,  355. 
Unijuenium  cerusnw,,  207. 
hydrarc)yri,  191. 

aminoniati,  202. 
iodidi  rubri,  19-5. 
iiilratis,  196. 
snbchloridi,  1 99. 
iodi,  271. 

plumbi  carbonalis,  207. 

veratrivw,  399. 
Units  of  capacity,  531. 

surface,  531. 

weight,  531. 
Uni valence,  55. 
Univalent  radicals,  55,  121. 
Uralium,  661. 
Uranium,  661. 
Urari,  390. 

Urate  of  lithium,  224. 
Urates,  358. 
Urceola  elaMica,  483. 
Urea,  335,  505. 

artificial,  335,  505. 
Uric  acid,  358,  508. 
Urinary  calculi,  514. 

examination  of,  514. 

deposits  or  sediments,  plates 
of  (vide  509  el  scq.). 

sediments.  507. 


Urinary  sediments,  microscopical 

examination  of,  508. 
Urine,  503. 

diabetic,  412,  504.  630. 

estimation  of  urea  in,  505. 

morbid  examination  of,  503. 
Urinometer,  544. 
IhliUigo,  478. 
Uvce,  412. 
Uva  ursi,  356. 

Valerene,  475. 
Valerian  oil,  475. 
Valeriana,  475. 

Valerianate  of  ammonium,  SCO. 

amyl,  446. 

iron,  359. 

quinia,  384. 

sodium,  358. 

zinc,  133,  359. 
Valerianates,  358. 
Valerianic  acid,  358,  468. 
Valerol,  475. 
Vanadates,  330. 
Vanadinite,  330. 
Vanadium,  330,  661. 

relationship  to  nitrogen,  phos- 
phorus, and  arseuicum,  330. 
Vanilla,  483. 
Vanillic  acid,  360. 
Vanilline,  360. 
Vapor  acidi  liydrocyanici,  279. 

chlori,  29. 

conicB,  395. 

iodi,  269. 
Vapor-density,  548. 
Vdviolariu,  486. 
Vaseline,  448. 
Vegetable  albumen,  459. 

and  animal  life,  relation  of,  19. 

casein,  401,  459. 

crocus,  485. 

fihrin,  401,  459. 

gelatin,  459. 

green,  486. 

jellv,  407. 

oil,  462. 

rouge,  486. 

substances,  376  et  seq. 
Venetian  red,  150. 
Venice  turpentine,  474. 
Veratralbia,  396. 
Verairi  viridi  radix,  3!)6. 
Verati'ia  or  veratrine,  399. 
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Vaalrina,  399. 

iniinirities  in,  Go6. 
Verutniin  album,  390. 

viride,  396. 
Verdigris,  188. 
Yennilion,  203. 
Veronica  virginica,  401. 
Viburnin,  401. 
Vibnrnum,  401. 
Vinegar,  295. 

estinuition  of  mineral  acids  in, 
605._  _ 

impurities  in,  656. 

of  cantharides,  295. 
squill,  295. 
Vinum  (tlbum,  427,  632. 

impurities  in,  656. 

anlimonii,  179. 

Jerri  amarum,  153. 

ferri  citratis,  152. 

fortius,  427. 

impurities  in,  656. 

rubrum,  427,  632. 

impurities  in,  656. 

xericum,  427. 
Viola  tricolor,  451. 
Virginia  snakeroot,  401. 
Vilellus,  456. 
Vitriol,  blue,  141. 

green,  141. 

oil  of,  307. 

white,  141. 
Volatile  oils  (vide  Oils). 
Volatility  of  salts  of  ammonium, 
97. 

Volatilization,  98. 
Volcanic  ammonia,  89. 
Volume,  combination  by,  52. 
of  gas,  corrections  of,  548. 
molecular,  54. 
Volumetric  analysis,  554. 

estimation  of  acetate  of  lead, 
559. 
acetic  acid,  565. 
acids,  563. 
alkalies,  656. 
alkaline  carbonates,  560. 
ammonia  solutions,  557. 
arseniate  of  iron,  576. 
arsenic  and  arsenical  so- 
lutions, 573. 
bisul])liite  of  sodium,  574. 
bora.x,  5.')9. 
bromides,  569. 
61  » 


Volumetric  estimation  of  bro- 
mide of  ammonium,  569. 
of  potassiun'i,  569. 
sodium,  570. 
carbonate  of  ammonium, 

558. 
chlorides,  600. 
chlorinated  lime,  580. 
chlorinated  soda,  580. 
chlorine,  580. 
citrate  of  potassium,  501. 
citrates,  561. 

cyanide  of  potassium,  567. 
cyanides,  567. 
hydrobromic  acid,  565. 
hydrochloric  acid,  565. 
hydrocyanic  acid,  567. 
hyposulphite  of  sodium, 
■573. 

iodide  of  potassium,  571. 
iodine,  579. 
lactic  acid,  565. 
lead  solutions,  559. 
lime  solutions,  559. 
magnetic  oxide  of  iron, 

_5'77. 
nitric  acid,  565. 
official   compound.s,  557, 

565,  507,  570,  575,  578. 
permanganate  of  jjotfs- 

sium,  562. 
phosphate  of  iron,  576. 
potash,  660. 

saccharated  carbonate  of 

iron,  577. 
soda,  560. 
sugar,  630. 

sulphate  of  iron,  577. 
sulphite    of  iJotassium, 

574. 

of  sodium,  574. 
sulphides,  604. 
sulphuric  acid,  506. 
sulphurous  acid,  572. 
syrup  of  bromide  of  iron, 

570. 

hydriodic  acid,  570. 
tartrates,  561. 
tincture  of  iodine,  580. 
solutions,  556,  564,  567,  572. 
Vulcanite,  483. 
Vulcanized  India-rubber,  483. 

Waiiou-uauk,  400. 
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Wiishing-boUles,  107,  583. 

precipitates,  107,  588. 
Wiirintli  of  aiiinuils,  how  kept  up, 
19. 

Water,  126. 

aerated,  85. 

ammonia  in  potable,  558. 
aspirator,  306. 
-bath,  583. 

boiling-point  of,  525. 
chalybeate,  139. 
cologne,  470. 
composition  of,  22. 
crystallization,  84. 

quantitative  estimation  of, 
610. 

cubic  inches  of,  in  a  gallon, 

548. 
distilled,  126. 
evaporation  of,  70. 
formation   of,   expressed  by 

symbols,  43. 
hardness  of,  312. 
hendoek,  472. 

impurities  in,  126,  616. 
lime-,  105. 
nitrites  in,  348. 
of  crystallization,  84. 
-oven,  583. 
oxygenated,  102. 
purification  of,  124,  312. 
softness  of,  312. 
type,  375. 

weigiit  of  1  cubic  incli  of, 
548. 

of  minim,  drachm,  ounce, 
pint,  and  gallon,  538. 

Wax,  465. 

Weighing-tubes,  583. 
VVeiglit,  528. 

estimation  of,  528. 
molecular,  54. 
of  air.  548. 

hydrogen,  549. 
water,  541. 
specific,  541. 
Weiglits,  atomic,  51. 

and  measm-es  of  the  British 
Pliarmacopoeia  of  1S67,  538. 
of   the    metric  decimal 

system,  533  el  serj. 
U.  S.  Pliarmacopoeia  of 
1870,  529. 
balance,  528. 


Weights  of  litres  at  diflerent  tem- 
peratures, 532. 

relation  of  metrical,  to  tlie 
weights  of  tlie  L'.  !S.  Phar- 
macopada,  535. 

relative,  52. 
Weld,  485. 
Welding,  245. 
Wheat-starch  (fig.),  403. 
Wheaten  flour,  401. 
Whev,  412,  457. 
Whisky,  427. 
White  arsenic,  164. 

indigo,  287. 

lead,  206. 

oak,  354. 

pepper,  397. 

pigments,  487. 

precipitate,  fusible,  202. 
infusible,  202. 

I'esin,  478. 

vitriol,  141. 

wax,  465,  526. 
Whiting,  108. 

Whortleberry,  sugar  in,  412. 
Wild  black  cherry,  417. 

indigo,  400. 

marjoram,  473. 
Willow-bark,  344,  422. 
Wine,  427,  632. 

antimonial,  179. 

iron,  152. 

orange,  427. 

slierry,  427. 

steel,  152. 
Winterberry,  356. 
Wintergreen,  oil  of,  446. 
Wire-gauze  tray,  28. 

triangle,  98. 
Witch-hazel,  400. 
Witherite,  101. 
Wood-charcoal,  110. 

creasote,  449. 

naphtha,  439. 

oil,  481. 

specific  gravity  of,  547.  • 

spirit,  439. 

tar,  481. 
Woody  nightshade,  398. 
Wormseed,  American,  475. 

Levant,  423. 
Wormwood,  472. 
Wourali,  390. 
Wourara,  390. 


INDEX. 


727 


VVrouglit  iron,  139. 

Xanthin,  .'ilO. 
Xaiilhorrhiza  apiifolia,  393. 
Xiiiilhoxijlon,  393. 

frdrinewii,  393. 
Xylol,  448. 

Yard,  538. 
Yeast,  426. 
Yelk  of  e.og,  4-50. 
Yellow    c'liroiimte   of  potassium, 
234. 

coloring-matters,  484. 
clock,  33-5. 
ochre,  484. 

oxide  of  mercury,  201. 
pnrilla,  393. 

pnissiate  ol'  potassium,  276, 
339. 

root,  393. 

sienna,  484. 

wax,  465,  526. 

wood,  484. 
Yolk  of  egg,  456. 
Ytterbium,  (301. 
Yttrium,  061. 

Zaffre,  230. 

Zanaioin.  452. 

Zanzibar  aloes,  452. 

Zed  miii/H,  starch  of  (fig.),  403. 

smut,  470. 
Zinc,  128. 

acetate,  131. 

analytical  reactions  of,  133. 
antidotes  to,  134. 
bromide,  131. 
carbonate,  128,  131. 
chloride,  129. 
derivation  of  word,  32. 


Zinc,  detection  of,  in  presence  of 
alnniiniuni  and  iron,  159. 
-ethyl,  437. 
ferrocyanide,  134. 
granulated,  20. 
hydrate,  134. 

in  organic  mixtures,  detection 

of,  495. 
iodide,  131. 
oxide,  132. 

Hubbiick'.s,  132. 
quantitative  estimation  of,  590. 
sulphate,  129. 
sulphide,  133. 

native,  128. 
valerianate,  133,  359. 
white,  131. 
Zivci  acetas,  131. 

impurities  in,  050. 
bromidiim,  131. 

impurities  in,  656. 
carbonas  pnvcipilnUin,  131. 

impurities  in,  6.57. 
chlorkU,  liqvor,  130. 
chloridim,  129. 

imjiurities  in,  657. 
iodicliim,  131. 

impurities  in,  657. 
oxidvm,  132. 

impurities  in,  657. 
plin^phidvm,  325. 

impurities  in,  057. 
svlphas,  129. 

impurities  in,  057. 
vider'umus,  133,  359. 

impurities  in,  657. 
Zinciim,  128. 

impurities  in,  657. 
granvlatvm,  20. 
ZiiKjiber,  475. 
Zirconium,  661. 
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